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INTRODUCTION
Environmental pollution from municipalities, industry,
and even agriculture oecame a concern dunnj the lybo's.
This concern for the environment, especially pure water,
resulted in the development of many water quality acts in
the mid lySO's and early iy70's. In the past, beef feedlot
runoff has contributed to the pollution of rivers, streams
and ground water hydrologic systems. Man's ability to
concentrate large numbers of cattle into small tracts of
land to increase efficiency in feedlot operations has often
been exceeded h/ his inability to cope with the waste
products produced. Now many state laws require tiiat runoff
be collected in detention ponds until it can be disposed of
properly. Disposal of the beef feedlot effluent must be
done in a manner which will not contribute to water
pollution. Land disposal by irrigation is identified in
many state laws as the proper way to dewater retention
ponds. This solution has only delayed the advent of a new
problem. The soil has a capacity to recycle and filter some
waste materials. Nutrients such as nitrate-N, chloride and
soluble salts follow water movement patterns in the soil.
Deep percolation caused by heavy rains or irrigation may
leach these constituents into shallow aquifers below the
soil profile. The finiteness of the soil's capacity to act
as a filter is generally accepted, although the limits are
not fully understood nor properly defined.
2Laboratory studies using soil ieachinj columns have
provided much information about the movement and
accumulation of effluent constituents in the soil. Tne
results from field experiments are more difficult to ootain
and interpret but necessary to obtain a true picture of all
the variables present. Ground water studies using already
existing wells have monitored nutrient fluctuations m an
attempt to determine contamination sources.
Research conducted thus far indicates that pollution
potentials are area specific. In subhumid areas of the
Great Plains, above normal precipitation can leach nutrients
from the soil, renovating the soil profile. This condition
can affect the ground water quality beneath the soil
profile. In times of below normal precipitation, nutrients
can accumulate at various levels in the soil profile.
This is a field study designed to evaluate the effect
of varying quantities of beef feedlot runoff and
precipitation on some soil chemical properties and on the
ground water quality directly beneath the soil profile.
CHAPTER I
THE EFFECT OF BEEF FEEDLOT RUNOFF ON SOME CHEMICAL
PROPERTIES OF A SHALLOW AQUIFER IN A SUB-HUMID
REGION OF THE GREAT PLAINS
4INTRODUCTION
Environmental pollution from municipalities, industry
and even agriculture became a concern during the 1960'3.
This concern for the environment, especially pure water,
resulted in the development of many water quality acts in
the mid 1960's and early 1970's. According to the 1972
Water Quality Act and its amendments (Public Law 92-500),
there should be zero release of pollutants into streams by
1985. Many state laws now require that beef feedlot runoff
be collected in detention ponds and not be discharged into
nearby streams and rivers. Kansas law requires water
pollution control facilities for confined cattle feeding
operations. These retention ponds must have the capacity to
hold 7.62 cm of surface runoff from the feedlot and other
waste contributing areas. Disposal of the beef feedlot
effluent and other waste materials must be done in a manner
which will not contribute to water pollution. Land disposal
by irrigation is specifically identified in the Kansas State
Law as the proper way to dewater retention ponds.
The soil has a capacity to recycle and filter waste
materials. The finiteness of this capacity is generally
accepted, although the limits are not understood.
Ground water quality as affected by the disposal of
aniiiial wastes to land is currently a serious research topic.
Frequently research involves laboratory studies using soil
leaching columns. Manure and water are added to the columns
in quantities which would simulate different loading rates.
5The leachate collected froin these columns is anal/zed as a
oasic part of the research. Field studies often use wells
or piezometers to collect ground water beneath or directly
adjacent to feedlots. There is little doubt these studies
have been helpful in augmenting the understanding of
potential pollution associated with land disposal of feedlot
wa s t e s .
Chemical and biological reactions release man/ ions to
the soil solution, increasing the dissolved salt content of
the soil solution. The potential movement of cations, sucn
as Na , K, Ca , Mg , Fa, Mn , Zn , and Cu , from the feedlot
surface to the ground water was monitored b/ L. F. Elliot et
al. (4). The values obtained from the feedlot surfaces were
compared with values in an adjacent cropped field.
Concentrations of Ca , Mg and Mn were higher in the feedlot
than in the cropped field. The potential for these cations
to enter the water table would increase if proper feedlot
management practices were not emplo/ed . In humid or
sub-humid areas where moisture is abundant, the potential to
pollute h/drologic s/stems arises when leaching can increase
nutrient concentrations in the ground water.
Nitrate and several chloride salts are soluble and able
to move with the water through the soil profile to the
aquifer. The effect of chloride in ground water is less
dramatic than the effect of nitrates. The U.S. Public
Health Service limit for drinking water is 10 ppm NO3-N.
Keller and Smith (8) cite earlier medical and technical
6papers to explain that infant cyanosis or me theraoglobinemia
could be caused by .^ilk formulas prepared with locally
obtained water containing high N03~N concentrations. They
also cite reports concerning the adverse affect of high
NO3-N water on livestock.
The ground water is a varied and complex component of a
larger more complex hydrologic system. it is often
difficult to target "cause and effect" occurrences of ground
water pollution. Ground water is a mixture of many waters
and salts coming from varied sources of recharge and
pathways of transport; therefore, it should be
understandable that ground water quality near pumping wells
may not be related to hydrologic events near the wells (12).
Well water data collected in Riley County, Kansas under
various fertilizer treatments (9) showed N03~N
concentrations to be highly variable. Summarized data did
not attribute N03~N concentration variations to fertilizer
treatments . The study also agreed with findings o/ Crabtree
(3) and Gosch (7) which indicated that NO3-N concentrations
increased in ground water during winter months. Nightingale
(12) indicates that soil NO3-N is related to fertilizer
management practices and the type of crop grown. He adds to
this the evidence that soil NO3-N below the root zone and
ground water NO3-N are closely related in the study area.
The main concern is to isolate potential pollution
sources. Keller and Smith {^) , using more than 5000 water
samples collected throughout the state of Missouri, maintain
7that the dominant source of NOj-N m ground water xs waste
material from farm f eedlots
.
It IS difficult to attribute all ground witer
contamination to vertical percolation of water directly
beneath a feedlot. Continuousl/ used feedlots develop a
semi-impervious layer due to cattle hoof compaction. This,
coupled with dampness due to urine excretions, tends to
limit nitrification and NO3-N accumulation. Mielke et al
.
(11) found the NO3-N content of ground water under abandoned
feedlots to be 5.6 to b.5 times greater than that under
forty-two active feedlots and six cornfields. Feedlot
runoff passing over adjacent permeable areas can contribute
significantly to the pollution threat.
The potential for ground water pollution witn N03~N
exists in areas where runoff is held for a period of time or
pumped onto land (15). A study in Kansas (7) observed a
relationship between the NO3-N concentration in the soil
profile and in the ground water. In general, for the study
period, soil profiles with high NO3-N concentrations were
associated with ground water of high N03"N concentration.
In a study conducted previously at this project's site,
lagoon water which had been diluted with well water was
applied (1). High NO3-N concentrations were found in
shallow wells near the feedlot. The statistical analysis
indicated that significant treatment differences existed for
NO3-N, Mg and K; however, it was difficult to determine
whether these differences resulted from the various
treat.nents of lagoon water. Ground v/ater analyses indicate
that N03~N concentrations are low and fairl/ constant at
deeper depths (1,8,10). Vertical ;nixing or dilution of
NO3-N between shallow and deep wells is slow or does not
occur (10) . Other aspects of nitrogen contamination in
ground water include dilution effects of local ground water
conditions and nutrient variabilit/ with time (6).
Research conducted thus far indicates that pollution
potentials are area specific. There is a need to evaluate
conditions conducive to pollution according to different
climatic and soil conditions. This is especially true where
shallow aquifers exist. Here the pollution potential from
NO^-N and inorganic salts seems to be much greater.
The objective of this research is to determine what
effect applying different rates of beef feedlot effluent to
land has on ground water quality. This is important to
areas of the Great Plains because they are located in a
sub-humid region where water is available for leaching and
because these lands occasionally overlie shallow aquifers.
MATERIALS AND METHODS
The feedlot and disposal area selected for this study
are located 1.21 km southwest of Belvue, Kansas on land
owned by Carl R. Fulmer. The Kansas River is approximately
400 in south of the experimental site. Prior to this study,
the site was used to examine the effects of diluted lagoon
water on the soil and aquifer. Lanes were laid out and
sampling wells added in 1^71 (1). m the fall of 1^71,
Bromegrass was planted in the lanes. Intermittent grazing
was allowed until tna first study concluded in May 1973. At
this time, the sampling lanes were fenced off from the rest
of the field. The Bromegrass was harvested and yield data
was collected approximately three times annually after this
project began in December 1975.
In the fall of 1975, the lanes were diked at each end
to make basins (plots) measuring lb m x 30 m. Basins were
used to prevent runoff loss of applied lagoon water and to
insure that the water applied minus evaporation losses would
percolate vertically in each basin.
A schematic diagram of the feedlots , lagoons, and
disposal area is given in Figure 1. Feedlot runoff is
diverted to lagoon #1 (L *1) by runoff collection ditches on
either side of the corrals. The arrows indicate the
direction surface runoff from irrigation or precipitation
flows. Most solids from the runoff settle in lagoon fl.
The water is then allowed to pass into lagoon »2 (L »2) by
means of a transfer valve. The collected runoff water is
10
O irrigation well
lagoon water pump
irrigation pipe
D transfer valve
400 m
Kansas River
Fig. 1—Field and feedloc layouc (after Bock, 1973).
ii
then pumped to the plots using 20 cm diameter irrijatjon
pipe. A Rockwell flow aieter placed in the pipe 2.5 m from
the punp .aeasured the quantit/ of layooa water delivered to
the plots
.
The experimental plan consisted of a randoa\ized
complete-block design composed of five treatments and three
clocks. The treatments consisted of application depths
measuring 0, 2.54, 5.0a, 7.62 and 10.16 cm of lagoon water.
Table 1 shows the treatment number and application rate for
each plot
The shallow aquifer is overlain by an alluvial silt
loam soil. The texture varies from a silt loam at the
surface to a sandy loam at the 3 m depth. Close examination
of soil cores showed that the root zone terminated between
90-150 cm. The assumption was made at the beginning of this
study that water in this sandy loam profile would percolate
to the aquifer. A coarse sand lens is found at the 4.9 m
depth. The sand usually becomes saturated near the 5.5 m
depth. Water-bearing sand and gravel extend below the
alluvial deposition to a 21 m depth. A survey of the depth
to the ground water table (1) showed a small lateral
gradient from plot 1 to plot 15, the maximum water level
difference being 21 cm. This same survey indicated a
hydraulic head difference from plot 12 to the Kansas river
of 80 cm with the gradient being toward the river. When the
survey was conducted, the river was lower than other times
12
Table 1—Lagoon water application rates.
Block 1 Block 2 Block J
Plot
Treatment
(cm) Plot
Treatment
(cm) Plot
Treatment
(cm)
1 0.0 6 10.16 11 5. OS
2 7.62 7 5.08 12 0.0
3 5.08 8 7.62 13 10.16
4 2.54 9 0.0 14 7.62
5 10.16 10 2.54 15 2.54
13
during the 1^72-73 year (U.S. Weather Report! mj Station,
Wamego, Kansas).
Ground water samples were taken fron wells which
extended into the aquifer. Two wells were located along the
mid-line of each plot. Shallov/ wells 7.6 m deep were placed
6 in from the west benn of each plot and penetrated the top
of the aquifer. Deep wells were placed 6 m from the east
berm and extended 21 m to bedrock (see Figure 2) (1).
The materials for the wells consisted of schedule 40,
5.0d cm PVC pipe and 3. la cm x 30 cm Johnson Redhead sand
points (1). The shallow wells were used to sample the upper
portion of the aquifer, while the deep wells served as a
check or control for the respective shallow well in each
plot .
The rationale behind the deep wells serving as controls
is based on the assumption that an increase in the level of
contamination in the shallow well without an accompanying
increase in the deep well would indicate that leachate from
the soil profile was a probable source of contamination.
However, if parallel changes occurred at both depths
simultaneously, this would signify that contamination was
from regional or nonlocal sources (1).
Irrigation dates and the composition of the lagoon
water are shown in Table 2. Lagoon water composition and
application dates appear to be a function of precipitation
event frequency, rainfall amount, crop irrigation, and
operators' convenience.
14
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A state law requires catchment lagoons to be emptied as
soon as practicable to insure adequate retention capacity
for future needs (Kansas State Board of Health Regulations,
Chapter 28, Article 18). if sufficient runoff had collected
in the lagoons, the irrigation treatments were initiated
soon after the precipitation event. Two to four days were
allowed for soil moisture depletion before irrigation. This
period enhanced infiltration in the receiving area and was
more conducive to crop growth. In this sub-humid area of
the Great Plains, high intensity rainfalls producing runoff
usually occur during April, May, June, and possioly during
the late fall months. Crop irrigations occurred in late
July and August; therefore, the lagoon remained partially
full. The lagoon was dewatered during August and September
and was empty before fall rains occurred. Under these
circumstances, it was possible to irrigate four to five
times a year. Table 3 gives precipitation data for the
study period. Irrigation dates, concentration of
constituents, and precipitation events are interrelated.
Some relationships can be made by referring to Tables 2 and
3. Data supportive of the relationships between constituent
concentrations and precipitation events are also given by
Swanson et al. (14). They found that P, NH4~N, and N03~N
were affected significantly by rainfall intensity and
frequency
.
The irrigations in December 1975 resulted froiii a
decision to dewater the lagoon to prevent seepage to the
17
Table 3—Monthly precipitation (en:) for
the Fulmer feedlot and vicinity.
Month 12/75-11/76 12/76-11/77
December 2.57 TR
January 0.52 2.94
February 0.13 0.26
March 4.95 6.35
April 13.36 4.35
May 11.51 20.41
June 9.72 22.89
July 6.57 2.81
August 0.62 11.94
September 6.22 22.10
October 2.01 2.15
November 1.87 7.33
Total 59.49 103.53
sa
Id
ground water during the winter months. These irrigation
did not completely dewater the lagoon. The lagoon remained
one-third full of runoff over the winter of 1975-1976. Low
intensity rainfalls the following spring produced small
amounts of runoff prompting an irrigation in May 1976.
Total nitrogen, phosphorus and calcium concentrations showed
two-fold increases from the first irrigations carried out in
December 1975. The concentration of water applied June 17,
1976 was a result of relatively small rainfall events. The
total nitrogen concentration was considerably lower and
could be due to ammonia volatilization. One week later
fter a heavy rainfall, the water applied, (6-28-76), showed
a decrease in soluble salts, the same amount of total N, and
a marked decrease in P, K, Na , Mg and cl . Well water was
pumped into the lagoons to provide sufficient water to
irrigate corn grown for silage in the field north of the
plots during July 1976. The effluent applied on 7-30-76
used this diluted water. This explains the low values for
Na , P, K, Mg, Cl and electrical conductivity.
The lagoon was dewatered by irrigations to crops
adjacent to the experimental site before the winter of 1976.
Heavy rains the next spring (1977) produced higher
concentrations of total nitrogen and fairly consistent
readings for other constituents in the lagoon water applied
on 6-3-77, 6-30-77 and 7-12-77. Water remaining in the
lagoons after the 7-12-77 irrigation was pumped onto the
field north of the plots. Three high intensity rainfalls
(Table 3) occurred durinvj the interval, 1 -12-11 , until the
last irrigation or\ 11-2-77. Anal/sis of water applied on
11-2-77 revealed similar data to that applied on 6-2a-7b
after other heavy precipitation events. Table 4 yives the
amount of nutrients applied for each treatment per
irriyation. The amount of each nutrient applied does not
seem large even in the 10.16 cm treatment if each individual
irrigation is considered separately. However, the amount
applied per year is significant. Total nitrogen applied for
the 10.16 cm treatment averaged 442.76 kg/ha per year.
Significant amounts of total salts were also applied on a
year ly basis .
The wells were sampled once each month. This was
accomplished by using a portable air pump to force the water
out a smaller PVC pipe located in the larger well pipe.
Samples were collected in 150 ml plastic bottles. The
samples were returned to the laboratory and stored at 5
degrees c until the NH^'N and NO3-N analysis could be
performed. Prior to the analysis, the samples were filtered
through Whatman if42 filter paper to remove any suspended
sol ids
.
Ammonium-N plus NO3-N were determined by the steam
distillation procedure outlined by Bremner and Keeney (3).
Ammonium-N in the soil is converted to NO^-n. Periodic
checking of samples showed insignificant amounts of NH^'N to
be present in the well water. For this reason, NH^-N plus
NO3-N values will be referred to as N03'"N concentrations in
20
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the remainder of the paper. In this deter:ni na t ion , a five
ml aliquot was added to 20 .nls of 2 N KCL. Magnesium oxide
and Devarda's metal were added. Approxiina tely 30 ml of
distillate was collected in Boric acid. This was titrated
with standard acid.
Calcium was determined on a Perkin-Elmer model 30
J
atomic absorption spectrophotometer. A 1:10 dilution of
sample in 0.1 N HCL and 1 percent La203 was used. Magnesium
was also determined on the 303 using a 1:20 dilution of
sample in 0.1 N HCL. Sodium and potassium were determined
using flame photometry techniques. An Orion specific ion
electrode and a model 801A digital pH/mu meter using the
manufacturer's procedures were used for the chloride
determinations. Electrical conductivit/ (EC) measurements
were made using a conductivity bridge.
e22
RESULTS AND DISCUSSION
Preliminary graphs showing nutrient concentrations for
ach sampling date and early statistical analyses of
preliminary data indicated that wide unequal variances and
values which were not symmetrically distributed occurred in
the data. This hampered the use of ANOVA methods in the
statistical analysis. Nightingale, et al
. , (13) also found
ground water constituent levels to be extremely variable.
The application of distribution free statistical techniques
to report ground water quality parameters was very useful in
his study. The usefulness of these techniques to describe
ground water data is not questioned. However, the
application of specific nonparametric statistics is beyond
this study's scope. To illuminate treatment effects and the
nature of ground water, the data presented here will be
examined by methods which intuitively illustrate (1) the
problems encountered in the analysis resulting from the
physical layout of the plots; (2) additional information
beyond treatment effects and (3) the treatment effects on
ground water using ANOVA techniques and other descriptiv
methods
.
Figures 3-6 are bar graph representations of th
twenty-four month mean concentrations for each well,
including the well's distance froin the lagoon. The values
for the graphs along with the plot number and application
rate appear in Table 5.
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Nitrate-N concentrations in the shallow wells show some
degree of variability with respect to distance from the
lagoon. A sharp contrast in NO3-N levels is apparent in
block 3 as compared to blocks 1 and 2. The twenty-four
month NO3-N averages for blocks 1, 2, and 3 are 3.25, 5.05
and 21.20 ppm, respectively. Individual observations in
block 3 ranged from ppm to 4 6 ppm NO3-N.
To develop a true picture of the extreme variability
that can exist in ground water with time, the study period
was divided into three-month periods (quarters) according to
seasonal climatic changes.
Table 6 lists quarterly averages by block and
treatment. All shallow wells except the control show high
NO3-N concentrations in block 3. An analysis of variance
for NO3-N using all three blocks produced significant block
by treatment interactions (.05 percent level) in each
quarter. Omitting block 3 from the analysis of variance
reduced the number of quarters affected by a significant
interaction from eight to four. The reduction in the amount
of extremely variable data would explain this effect. This
block appears to be contaminated by high nitrate water
moving along a diffusion or hydraulic gradient from the
lagoon, drainage ditches, or feedlot
,
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Wei 1 Water Qual ity vs_j^ Distance friQ.01 Lagoon
Figures 3-6 and Table 7, which contains the twenty-four
month average nutrient and electrical conductivity values
for each block, show that Ca , EC, Mg , and cl values (shallow
wells) increase slightly as the distance to the lagoon
decreases. Potassium and Na exhibit no discernible
concentration trends (shallow wells) with varying distances
from the lagoon. The examination of data thus far suggests
that the physical layout of the experimental site (see
Figure 1) affected the validity of using block 3 in the
analysis of NO3-N, as well as other nutrients.
It is reasonable to assume that if the lagoon leaks,
soluble salts, N03~N and Cl concentrations would increase as
the sampling of wells occurred closer to the lagoons and
feedlot. This relationship seems to exist in this study;
and in the case of NO3-N, contamination of the shallow wells
has occurred. This could obscure the effect treatments may
have on the aquifer. For this reason, block 3 was deleted
from further statistical analysis for all nutrients.
Nu t r i e n t Relationsh i ps
Chloride moves through the soil much like NO3-N (5).
Pearson's produce-moment correlation coefficient (Appendix
E), r, comparing NO3-N and Cl concentrations in shallow
wells was .46 at the .01 percent probability level (see
31
Table 7—Nutrient and electrical conductivity means'^
for each block (12/75-11/77).
Nutrient (ppra) Block"'*-
or EC X 10^
(mmho/coi)
NO3-N 3.25 5.05 21.20
Ca 51.75 71.90 34.35
Mg 21.90 25.60 27.25
K 13.20 11.35 10.40
Na 12.40 14.70 15.90
CI 11.51 12.38 15.90
EC X 10^ 0.51 0.65 0.77
Shallow wells only.
Blocks' proximity to lagoon is 3, 2, 1—with Block 3
being closest.
32
Appendix E.2). The contrasting concentration level that
occurred with NO-j-N values in block 3 as compared to oloc<3
1 and 2 does not occur with Cl values of the same clocks.
No explanation can be given for this relationship. An
interesting relationship between EC, Cl , and Na in the deep
wells is apparent in Figures 3, 4, and 6. Note the
similarity of the three graphs. A highl/ significant
correlation exists between Na and cl in deep well samples
(r=0.86). Electrical conductivity is also strongly
correlated with Na and Cl (r=0.79 and 0.79, respectively).
The same pattern is not apparent in the shallow wells. This
rules out leaching from the soil and diffusion in the
aquifer as possible sources of the relationship. It is
hypothesized that parent material containing NaCl as a basic
constituent lies beneath the aquifer in the areas where the
highest concentrations exist.
The correlation coefficient between Ca and iMg in the
shallow wells is 0.59 at the 0.01 percent probability
level
.
Comparison of Dat_a Before Trea tmen ts Began
A comparison of data collected in 1975 before the
treatments began with data collected from this experiment's
inception indicates initial concentration levels and changes
that have occurred during the following two years.
J j
Table H shows a twelve month averacje for treatiuent
means from 12-75 to ll-7b and from 12-76 to 11-77. The data
from 12-74 to 11-75 was arranged in the same manner to make
this comparison. Nitrate-N values for the period 12-75 to
ll-7b increased almost two fold in the shallow wells for the
0, 2.54, 5.08 and 10.16 cm treatments, then returned to
previous or lower levels during the next twelve month
period. The deep wells show a slight increase over the
thirty-six month period.
Calcium increases during the thirty-six month period in
all treatments and at both depths. Magnesium concentrations
are 5 to 7 ppm higher in the last period 12-76 to 11-77 in
all treatments and at both depths. Chloride, Na , K and EC
values vary but range near the first twelve month period
before the treatments began.
Dep th Comparis ons
It is assumed that parallel fluctuations in shallow and
deep wells indicate nutrient movement from nonlocal sources.
Tables in Appendix B list quarterly treatment means and
standard deviations. The values represent blocks 1 and 2.
In some instances, the variability of the data is still high
as evidenced by the standard deviation
.
Graphs of data from Appendix B plotting concentration
against time show concurrent nutrient concentration and
34
Table 8—Twelve month averages for treatment means beginning
one vear before irrigation treatments.
Treat-
Shallow Wei Is Deep Veil s
Nutrient (ppm) 12/74 12/75 12/76 12/74 12/75 12/7 6
or EC X 103 ment to to to to to to
(mmho/cm) (cm) 11/75 11/76 11/77 11/75 11/76 11/77
NO3-N 0.0 3.59 8.73 3.19 1.35 2.11 2 . 29
2.54 4.54 8.73 1.93 0.34 0.79 0.98
5.08 1.52 2.24 1.98 0.55 1.78 1.96
7.62 7.04 8.07 3.53 1.10 1.57 1.64
10.16 0.87 1.98 1.06 0.49 0.89 1.46
CI 0.0 14.33 14.99 6.96 94.28 36.33 33.52
2. 54 17.74 17.77 10.94 148.06 17.72 54.17
5.08 13.63 14.57 9.40 41.96 23.57 16.60
7.62 11.89 14.21 9.21 117.76 62.71 63.16
10.16 13.74 12.61 8.93 37.83 20.74 17.32
Na 0.0 10.59 13.00 12.99 39.60 37.84 42.73
2.54 12.58 11.16 14.30 48.24 60.29 51.14
5.08 10.88 14.30 14.96 25.53 35.44 35.33
7.62 10.51 10.70 18.36 45.20 53.61 60.17
10.16 9.48 13.33 12.57 24.99 33.26 34.18
Ca 0.0 38.77 56.01 88.90 32.62 41.93 62.67
2.54 38.27 58.92 75.55 27.54 41.41 52.40
5.08 30.60 42.69 54.38 24.89 39.24 49.01
7.62 43.29 61.90 82.28 35.52 46.29 63.32
10.16 29.66 35.68 61.98 26.76 37.10 49.01
Mg 0.0 20.55 20.15 26.37 23.31 19.73 26.76
2.54 21.01 18.86 27.59 24.34 21.54 28.24
5.08 20.96 20.38 28.77 20.94 19.49 26.80
7.62 21.91 20.83 27.67 22.85 21.89 26.47
10.16 16.51 18.08 28.74 21.77 19.88 25.14
K 0.0 10.69 11.15 12.29 5.00 3.21 3.19
2.54 10.87 11.61 12.85 2.80 2.69 3.35
5.08 13.60 14.07 14.89 2.28 2.37 2.84
7.62 11.67 10.44 12.32 2.68 2.60 3.32
10.16 11.01 11.29 14.12 2.08 2.10 2.53
EC X 10^ 0.0 0.56 0.65 0.58 0.74 0.61 0.65
2.54 0.53 0.64 0.64 0.82 0.80 0.67
5.08 0.48 0.51 0.53 0.51 0.56 0.52
7.62 0.57 0.60 0.63 0.80 0.74 0.72
10.16 0.46 0.47 0.53 0.51 0.52 0,56
J5
electrical concJuctivit/ fluctuations in shallow and deep
wells. These concurrent treatment fluctuations were hi>jhl/
varied in shallow wells for NO3-N and K concentrations,
while deep well values were less variable. The opposite
effect was noted for Na and Cl concentrations. Calcium, Mg
and EC values were parallel and ranged near each other in
both the shallow and deep wells for all treatments.
Anal y sis of Variance
Table 9 and 10 summarize the calculated F values from
the analysis of variance for nutrients and electrical
conductivity in the shallow and deep wells. Since the deep
wells are considered as guides to regional ground water
parameters, their F values and significance will not be
discussed. Differences among treatments were compared where
no significant block by treatment interaction existed.
Calcium, Mg, K, Na and EC variance ratios show either a
significant block by treatment interaction or no significant
treatment differences. The only significant treatment
effect in the shallow wells occurred with NO3-N during the
quarter 6-77 through 8-77 (see Table 10).
During the quarter, 6-77 through 8-77, the plots
received irrigation applications three times, each having a
high amount of total nitrogen. Rainfall during this period
came during June, July and August. Amounts received were
36
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22.86, 2.82, and 11.91 cm, respectively {see Table 3). The
anal/sis shows that the plots receiving the 7.62 cm
treatment had the highest concentration (4.90 pp.-n)
, while
the 10.16 cm treatment had the lowest concentration (1.18
ppm , see Table 11). These concentrations were significantly
different at the five percent probability level. Figure 7
is a plot showing the N03~N concentration means in the
shallow and deep wells for the various treatments. in this
graph, it is apparent that the zero and 7.62 cm treatments
have the highest concentration of NO3-N for the study
period, while the 10.16 cm treatment has the lowest
concentrations for six of the eight quarters. The deep
wells show little variation. Examination of tables in
Appendix B also indicates that increasing application rates
did not produce corresponding increases in nutrient
concentrations and electrical conductivity values.
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SUMMARY AND CONCLUSIONS
The ground water composition is extremel/ variable and
does not follow a noruial distrioution pattern. Graphical
and tabular representation of the data were considered
sufficient to present a discussion of the study.
The mean nutrient concentrations and mean electrical
conductivity values for the twent/-four month period
indicate that shallow wells of olock 3 appear to be
contaminated by water moving along a diffusion or hydraulic
gradient from the lagoon, drainage ditches or feedlot.
Nitrate-N values in block 3 were two to five times higher
than NO3-N concentrations of blocks 1 and 2. The low NO3-N
concentrations in plot 12 cannot be explained. Calcium, Mg
,
Cl and EC values are slightly higher as the distance from
each shallow well to the lagoon and feedlot diminishes.
Potassium and Na did not show a similar trend. Block 3 was
omitted from further ANOVA determinations to avoid the
possibility that the effects of the treatments might be
masked
.
Nitrate-N and cl concentrations were not highly
correlated and did not move in similar manners as previously
expected. Parent material beneath the aquifer is offered as
an explanation for the high correlation which exists in the
deep wells between EC, Na , and Cl values.
Electrical conductivity values and nutrient
concentrations did not appear to be affected o^ treatments.
This is evidenced by comparisons made with data collected
42
before this study bejan . Nitrate-N, Na , K and EC values
ranged near pre treatment values in all treatments. Calcium
increased each year in all treatments. Magnesium increased
5 to 7 ppm, while chlorides decreased 3 to 6 ppm from
preapplication values in all treatments. The fluctuation of
these values may be attributed to nonlocal ground water
sources because the changes occurred in both the shallow and
deep wells. This is further evidence that treatment loading
rates alone did not produce significant concentration
differences. The only significant treatment effect (.05
percent level) produced by an analysis of variance occurred
with NO3-N after heavy rains and frequent irrigations.
However, it was noted that the highest application rate had
the lowest concentration in the ground water. This
situation occurred in five of the eight quarters. The
higher moisture content of the soil and larger additions of
carbonaceous material could increase deni trif ica tion rates.
Soil stratification producing lateral water ixiovement
could also mask treatment effects. Instead of seeing water
quality parameter fluctuations due to application rates, the
applications may have served to increase nutrient
concentrations distributed through many plots, thus
resulting in some water quality parameter fluctuations in
shallow wells with time. Slow nutrient diffusion to deeper
depths may be responsible for contrasting depth differences.
Trends and more conclusive evidence to support these
conclusions can be gained by continuing this study. Two
43
additional years of data will aid future discussions about
the lon-j term effects of beef feedlot effluent on the yround
water. Descriptive and specific nonparametr ic statistics
wi 1 1 be use f ul .
The examination of soil core data wliich has been taken
at this site each year will help explain some of the
observations made here
.
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CHAPTER II
FATE OF SOME CHEMICAL CONSTITUENTS WITHIN
A SOIL PROFILE IRRIGATED WITH VARYING
AMOUNTS OF BEEF FEEDLOT RUNOFF
47
INTRODUCTION
Feedlots in subhumid areas of the Great Plains are
often located near rivers and streams. The soils in these
areas are t/picaily underlain b/ shallow aquifers. Rain
produced runoff from nearby feedlots pollute these
hydrologic systems. Steps to halt this kind of pollution
have been undertaken in many states. Laws now require that
runoff be held in detention ponds until it can be properly
disposed. The Kansas State Department of Health requires
that catchment lagoons retain the "10-year, 24-hour rainfall
volume" and "shall be dewatered whenever the water level
infringes upon the storage capacity required to retain a
future runoff occurrence from a 25-year, 24-hour rainfall
event " ( tf) .
The chemical composition of feedlot runoff is quite
variable. The number of cattle confined to the feedlot
area, the type of ration, and the amount and intensity of
precipitation cause the effluent composition to vary (21).
Soluble salt concentrations in runoff are generally high and
variable (15,25).
Transporting or pumping feedlot effluent over long
distances is economically unfeasible; therefore, dewatering
lagoons to land adjacent to feedlots is a current practice.
The soil's ability to act as a filter is generally
accepted. The complex equilibrium reactions are dynamic;
therefore, the soil's capacity to continue as a filter
indefinitely is not understood. This is especially true
4b
when heavy loading rates of manure and effluent are applied
to the soil. Soil subject to high manurial or effluent
loading rates should be monitored to prevent destruction of
good physio-chemical soil properties (24).
Heavy application rates and long term continued usage
may affect such physical properties as infiltration rate,
bulk density, particle size distribution, water stability of
aggregates, water retention characteristics and hydraulic
conductivities. Specific salinity studies related to
effluent and manurial loading have indicated that even
though salinity concentrations may increase during the
loading period, off-season irrigation and precipitation can
renovate the soil profile (7,16).
Chemical analyses of soils and monitoring ground water
quality can alert managers that potential ground water
pollution beneath the soil profile exists (10). Nitrate-N
moving with percolating water inay eventually reach ground
water in shallow aquifers (1,6). The U.S. Public Health
Service has determined that water containing more than 10
ppm NO3-N is unsafe for drinking. Conditions in soils
favoring the transformation of nitrogen to nitrates may
produce quantities in excess of plant needs (26). if the
excess is not leached to the ground water, it may accumulate
in the soil profile (13,25). The transformation, movement,
and loss of nitrogen from a soil profile are complex
(4,10,14). Soil texture is important when considering
nitrate movement. Lund et al . (14) found that layers
4^
res tr ict inj witer movement reduce NOj-N coacen t r a tions in
the drainage below the soil profile.
Chloride moves through the soil much like NOj-n (5).
Ratios of Cl /NOj~N found in drainage water have aided
researchers in understanding the role that deni t ri f ica t ion
plays in the accumulation or leaching of NO3-N (5,lU).
Kimble et al. (y) and Lindley et al. (13) indicate that
N03"-N in soil profiles was more susceptible to
dent r if ica t ion when associated with manure or high C:N
ratios. Climate and the amount of water applied either by
irrigation or precipitation are important factors which
influence the fate of NO3-N in the soil profile (12,1b).
The objective of this study is to monitor the
accumulation and movement in a soil profile of several
chemical constituents associated with varying amounts of
beef feedlot effluent in a subhumid area of the Great
Plains
.
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MATERIALS AND METHODS
The feedlot and disposal area selected for this study
are located 1.21 km southwest of Belvue, Kansas on land
owned by Carl R. Fulmer. The Kansas River is approximately
400 m south of the experimental site. Prior to this study,
the site had been used to examine the effects of diluted
lagoon water on the soil and aquifer. Lanes were laid out
and sampling wells added in 1971 (1). Bromegrass was
planted in the lanes in the fall of 1971. Intermittent
grazing was allowed until the first study concluded in May
1973. At this time, the sampling lanes were fenced off from
the rest of the field. The Bromegrass was harvested and
yield data collected approximately three times annually
after this project began in December 1975.
In the fall of 1975, the lanes were diked at each end
to make basins (plots) measuring 18 m x 30 m. Basins were
used to prevent runoff loss of applied lagoon water and to
insure that the water applied minus evaporation losses would
percolate vertically in each basin.
A schematic diagram of the feedlots, lagoons and
disposal area is given in Figure 1. Runoff from the feedlot
is diverted to lagoon #1 (L #1) by runoff collection ditches
on either side of the corrals. The arrows indicate the
direction surface runoff from irrigation or precipitation
would flow. Most solids from the runoff settle in lagoon
#1 , The water is then allowed to pass into lagoon f2 (L*2)
by means of a transfer valve. The collected runoff water is
51
O 1 rri gallon wel
1
lagoon water pump
irrigation pipe
D transfer valve
400 m
Kansas River
Fig. 1—Field and feedlot layout (after Bock, 1973)
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then pumped to the plots using 20 cm diaiaeter gated
irrigation pipe. A Rockwell flow meter placed in the pipe
2.5 m from the pump measured the quantity of lagoon water
delivered to the plots.
The experimental plan consisted of a randomized
complete-block design composed of five treatments and three
blocks. The treatments consisted of application depths
measuring 0, 2.54, 5.08, 7.62 and 10.16 cm of lagoon water.
Table 1 shows the treatment number and rate of application
for each plot
,
Soil core samples were taken the fall of 1975, 1976,
and 1977 from two locations in each plot. The depth of
sampling was 3 m. Cores were 15 cm in length to a depth of
90 cm. The remaining cores to 3m were 30 cm in length.
Cores from the two locations in each plot were composited.
The samples were frozen until the analysis could begin, at
which time they were dried at 105° c for seventy-two hours,
then ground and passed through a 2 mm sieve . A 50 gm sample
was placed in plastic jars to await nitrogen analysis.
Mechanical analyses of the above cores show that
intermingled textural layers consisted of silt loams, clay
loams, and sandy loams. The soils in this area resemole the
description given the Eudora-Kimo complex (Soil Survey,
1970, Shawnee County, Kansas). These alluvial silt loam
soils are well drained or poorly drained depending on the
stratif ica*: . r. of intermingled clay layers or ouried soils.
53
Table 1—Lagoon water application rates
Bl-ock 1 Bl.ock 2 Block 3
Plot
Tr•eatment
(cm) Plot
Treatnent
(cm) Plot
Treatment
(cm)
1 0.0 6 10.16 11 5.08
2 7.62 7 5.08 12 0.0
3 5.08 8 7.62 13 10.16
4 2.54 9 0.0 14 7.62
5 10.16 10 2.54 15 2.54
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Nitrate-N aad NH4-N determinations for 1975 and 1976
soil samples were made using steam distillation metnods
described by Bremner and Keene/ (3) . The NO3-N and NH^-N
for 1977 soil samples were determined on a dual caannel
Technicon Auto-analyzer usiny colorimetric industrial
methods 487-77A and 334-74W/B, respectively (22,23). The
determination of total nitrogen from the digested soil is
based on the same colorimetric procedure used to deter^nine
iSIH^-N. An emerald-green color is formed by the reaction of
ammonia, sodium salicylate, sodium ni troprusside and sodium
hypochlorite. An alkaline medium buffered at a pH of 12.8
to 13.0 is used. The ammonia-sa licylate complex is read at
6 6 nm {2 3)
,
Phosphorus was determined by the Bray *1 soil test
utilizing the Fiske-Subbar row color development procedure
(2,17). Atomic absorbtion and flame emission procedures
were used to determine Ca , Mg , Na , and K. Electrical
conductivity readings were made on the saturated extract.
Chloride determinations were made using a specific ion
electrode
,
Lagoon water disposal was initiated when sufficient
water from precipitation events had accumulated. if
sufficient effluent was available following a precipitation
event, two to four days were allowed for soil moisture
depletion before irrigation. This period enhanced
infiltration in the receiving area and was more conducive to
crop growth. In this sub-huinid area of the Great Plains,
55
high intensity rainfalls producing runoff usuall/ occurs
during April, May, and June and possibly during the late
fall months. Crop irrigations did not occur until late July
and August; therefore, the lagoon remained partiall/ full.
The lagoon wis dewatered during Aujust and September and was
empty before fall rains occurred. Under these
ci rcuinstances , it wis possible to irrigate four to five
times a year
.
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RESULTS AND DISCUSSION
Irrigation dates and the coinposition of the lagoon
water appear in Table 2. The application dates and the
variability of the lagoon water composition are a function
of precipitation event frequency, amount of rainfall, and
prior irrigation of crops. Table 3 gives the precipitation
data for the stud/ period. Comparing the data in these
tables indicates relationships exist between irrigation
dates, constituent concentrations and precipitation events.
Chapter 1 provides a detailed explanation of these
relationships. Data supportive of the relationships between
constituent concentrations and precipitation events are also
given by Swanson et al . (21) . They found that P, NH^-N and
NO3-N were significantly effected by rainfall intensity and
frequency
.
Table 4 gives the amount of nutrients applied for each
treatment per irrigation. The amount of each nutrient
applied does not seem large even in the 10.16 cm treatment
if each individual irrigation is considered separatel/.
However, the amount applied per year is significant. Total
nitrogen applied for the 10.16 cm treatment averaged 442.76
kg/ha per year
,
Significant amounts of total salts were also applied on
a yearly basis. In 1233.5 m^ of water with an EC of one
millimho per centimeter 862 kg of salt could be present
(19). Assuming the average electrical conductivity of the
lagoon water oefore each irrigation to be 2.27 millimhos per
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Table 3—Monthly precipitation (cm) for
the Fulmer feedlot and vicinity.
Month 12/75-11/76 12/76-11/77
December 2.57 TR
January 0.52 2.94
February 0.13 0.26
March 4.95 6.35
April 13.36 4.35
May 11.51 20.41
June 9.72 22.89
July 6.57 2.81
August 0.62 11.94
September 6.22 22.10
October 2.01 2.15
November 1.87 7.33
Total 59. A9 103.53
59
_l rj p^ <T PM >T vT a? >T OC p^ r^ c o o r^ O O O O o ^^ ^H ^^ v£> (Nl OC vj in o in C »J CO tNI v£>
r^ v? -^ OC K >C >J fNI '-' <Ni ^ L*-! CJN ec r^ vC •—
«
(N p~ >J OC If^ -J fM ri r^ c ^ r^ iT, PM C (Nl <T r~ (?>
oc r^ vC ^ ^ f^ in r- O o c O c ,^ <% r-i in C in o „ r^ m r^ ^ PM «3 in ^^ P^ ir, r^ pn vC O^ <>4n lA f>. i-H <N r^ «ff <N r-i ^
^ pn
fSI •» »e 00 .-( fM pn < «M •» i£> 00 •^ 00
PM
<r \C »-<O m ON in o^C^ p>; m C in Cp^ r^ O -J ccr^m<r psimocc O psi 00 -ror r^ in *^ in o m o —I fM*^ O"' pn cc c^ 00 o o o oc o o o
r*. in fM r^
pv) ^ vC O^
in O in C
(^ vC C r^
fM
-c r^ ON
0> f^ v£) -^
in ^H r» f^
\C fM 00 -a-
sC ON p^ 00
r^ IT r^ r—
t—I fM r^
r^ in PM ©N
OC r~. O
--T
c^ \£: O^ r^
vC fsi or m,
—t n >j vC
On ec r^ \C
ON ON On ON
p~ \C (SI On inC i-i pn vj vc
r^intsjON r^vooNfsi
m.-ir^fl OOOO
pNiinr>o eCvC^jCN
rsi»»ooc pnvooNpM
o-wr^vc ONOOr-r^
r~ in fM C
po r«« •—I m
O •-< -H (v:
CM -3- \0 oc
O C •-( -H OC r- \0 in c *-^ Psi f^
PM p^ nC PM «
-a-
•—I po
-o- vC
r»p^Or»» COO-"-! ONODP^vD p^incci-i
.-HPninvC T— <N;r^»r r^mpo-^ t— PMPnin vo
cni ON in
r^ m fM O
vC r", C P~
cNi m 00 C
0^ On 00 CO
Ln r-^ r^ pn
P-, VO ON PNI
rH PM P^ in
•J 00 PM \£O C "-l --H
\Cfncr~ «3-ONvrO»fNimccO r-^fMO>
0^ 00 f^ sO
in r— r^ pn
\0 tN 00 «»
PM m r»- o
r-iO r--«a-JOC OCCC ^ in r^•—1 <vi po ^ ON cc r^ Or-i (N ro pNl fM CO <-ivC. L-i OC in
1—I pn «3- v£)
v^ fn ON vC
PM m r~-. c
On OC r- vC
1—! m in r^
vCP^Onv^ PM^CnOO^
CM in, r^ C m O in O
r-i (N m r^ O
00
15
01
c
c
CO
3
CI
X
CO
H
vC
OC
CM
i—i
fM
-a
p^. in
Ov
c
ON cc OC en \c
fM
ON
r-i
(N
v£ PM ON
o-
Ln PNl
LI
OC
fM c
fM «3-
On OC
vO OC
fM
fM
a
P-.
-a-
nC OC
PM «?
O^ 00
CO
NO en
O in
r^ O O
pn
CM
ON fM
m
r-( m m r^ CM <r \0 ON PM m r^ O OC
m
sD P^ O r^
(SI PM
c
CSI
o o c
vC 00
vC P-i C
(SI (SI
m
(SI
O v£)
in r^ o
O -^ -> rH
PO VO ON (SI
O r-J rH -^
Pn vC On (SI
r^ <r -^ 00
O". On On CC
ocr^m. (n ccvC-acsi c>—i-^pm
f—f po Ln r^ r~- f—I in
o; o »? c
«3- ON <r c
p^ vC CJN (SI
vc fM CC in
m O On PM
r-^ < I—I On
r» < -H CJN
I—( n m vC
no <r CSI
On
-c cr
\o (SI CO in
1-1 iH PM
O r- (SI cn
.-< fM pn sr
fM vC p^ vc O (n
f—t f—1 nC (SI o^ tn
.-I --H fM
^ ON ^ or
>-( fM <• m
a:
OC
in -3-
vT in
ON
CO
\D m
vC in
»3- cc (^ r^ O O
C> CZ ^ <-' r^ \C
ON ON r^ pn O r^K I—( (n r^ rH vy
vC (SI On n£
1—I (O
-c o
.—I PM (^ <rC O O O
•C ON P^ OC
1-i CSI -^ m
CO
00
CM en
ON 00
p-i r^ in
c o o o
o o c o
vC (s; o^ tn
>-i n ^ vc
rs. in (Si On
00 r-. nC -c
0>-^(sir-, (si^rvCOC
i-t fM (N
-c
CO r^ in <r
(SI in cc .—
I
C -aO p^ O —ICO nC
lTi c in r-i
^ p^ ON o
iH pn «? vo
m <r in
<r ic 00
o PM ON in
CM m r-^ O
ri r>« C <•
nO (SI CJN in
in o m o
1-1 pp| «c- ^
Pn VD On fM
vD (SI OC in
vOfMONin COOOCMinr^O oovo-acM
nD (N OC
-S-
m -^ vD CSI
00 vC ^a CNJ
cn r^ 1-1 m
vC pn C r^
fM m 00 o
o ^ ^
r^ <• T-i
C C O -<
vD (SI 00
m i-i v£)
PM On in
PO <- vC
PS «3-
-H CC
fM (N
(SI m OC —
I
•H (SI m m
o (SI r-- pn
On ON CO CO
i—I (SI pn <
«3- OC PM vO
i-i CM .a- m
r-^ in fM O
fM m 00 rJ
NOfnONvC r»incMC pOvOOpo
>—i(-i>a->£ csiinoc-H inovOrH
t-( 1—I pp^ -a- o
coo—t ~3-ccrMvCOOOO -HCSl^L-l fl vC On PMfH CSI pn m <r 00 CM vcCM -3- r^ On 00 vO «a CMfM in 00 tH
c
0/ *
e '-s
tc u
H
3
z
*a On ^a CO
^ PM
-c m
p^ Ln en
On ON ON
oor~Ln-a COOO
r-i CM m
r^incsio 1—icsi(*i«a
-aON<rON COCO
in<—ir~.m <3-cc(sivc
i-i •-< CM
-c OC po r~
iH CSI < m
r-^ »3- (SI ON
On On ON 00
m o r~
ON »3- CO
00 o ^a fM
(SI m CO f
r» in CM On
00 r>. \0 ^a
ON 00 r>. v£
—I (SI c^
C O C NO
ON 00 r^ p^
co\i;-3-(N coOi-H
(siinoC'-^ COOO
1-1 CM <• vO 00
m o m o
r^ in (SI o
vC csi 00 -a
CO r^ m «*
inrHP^pn >3-ccf^r»- OCCC
-3-00(N.lvfi »3-CCPMOinONCi—I inON£r-j <T 00 fM nCin o vn 1-1
o (^ C r~
•-( fM cs
< 00 fM vD
Ln O vO r-l
CM<rin vDpnor^ Oi—icsiO
COfMvC CMinCOO fHfMn-^
csi .T m 1—1
o m O i^
(SI m K o
<3- CO CM \o
m C nd -^ -aooPM'sD -a-co(sio -3-co(sioinov£>i—I inovo-H moNCi-i
^ O^ On On
vO fP| O r^
1-1 pn m vo
-a- 00 PM vD
in o nd 1-1
cNinrs-o csjinr--0 PMinr^o fMinr-O CMinr^o (Ninrs-o (siinr-«o cNinfsO csimfs.o
O
z
z
I
2 S
VO
•H
•o
01
T5
O
c
w
u
eg
TS
c
eg
c
o
«
60
o
c
•T3
01
>
01
u
01
u
o
u
u
e
o
u
60
cm and assuming irrigations occur at least four times
annuall/, as much as 6665 kg/ha of salt per /ear could be
applied using the 10.16 cm application rate.
The possibility of salt accumulations in the soil
prompted a saline and alkali test on the surface 15 cm of
soil in 1976 and 1977, Table 5 gives parameters of the
saline and alkali tests. Electrical conductivity values are
low enough that salinity effects can be considered mostly
negligible (20). Control plot means in 1976 and 1977 were
slightly lower than other treatment means. Electrical
conductivity values in 1977 show a slight increase as the
application rate increased. However, there were no
significant treatment differences at the five percent
significance level in either year. The exchangeable sodium
percentage (ESP) values showed significant treatment
differences at the five percent level in 1976 and 1977. The
ESP laeans (1.40 and 1.26) are higher for plots receiving
5.08 cm of lagoon water than other treatments. This
application rate appears to facilitate the accumulation of
exchangeable sodium in this layer. The average pH values of
the saturated paste over all plots were 6.8 and 6.9 in 1976
and 1977, respectively. There were no significant treatment
differences in either year.
Figures 2-12 are graphical representations of the soil
core analysis data. The graphs were used to help visualize
the movement and accumulation of the lagoon water
constituents in the soil profile. The data points represent
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constituent concentration means at the various depths from
which samples were taken. Data points in lyVb indicate the
soil chemical properties before treatiuents be^an. Values
for these data points appear in Appendix F.
The leachinq and accumulating of various constituents
in the soil profile are dynamic processes. Nitrates exhioit
a wide degree of change in the soil profile due to their
soluble nature (see Figure 2). Nitrate-N values in the soil
profile varied considerably before the study began.
Generally, higher values noted in 1975 declined in 1976 and
1977. Increasing N03~N concentrations were found in the top
0-30 cm of soil from 1975 and 1977 in all treatments except
the control in 1976. The highest NO3-N accumulations at
this level appear in the 7.62 and 10.16 cm treatments (14.9
and 15.0 ppm in 1976 and 25.7 and 20.3 ppm in 1977,
respectively). A large accumulation of NO3-N in the control
plots is evident between the 80-130 cm depths in 1975 and
1976. In 1977 this accumulation has decreased in
concentration and moved approximately 20 cm deeper in the
profile. The values corresponding to the above condition
are 31.1 ppm at the 120 cm depth in 1975 which decreased to
14.4 at the 140 cm depth in 1977. Precipitation data
indicated dilution and downward movement were the likely
cause. Peak concentrations appear at the 170 cm depth for
the 5.08 and 7.62 cm treatments in 1976, having values 8.4
and 9.4 respectively. The 1977 graph does not show a
similar peak; however, it does show higher and more uniform
74
NOt'N concentrations with depth in .nost treatments. No
significant treatnnent differences (.05 percent level) were
noted for the 0-280 cm depth in iy76 or 1977.
Near the 30 cm depth, the 10.16 cm treatment means
dropped below other treatment means in 1976 ana 1977. it is
possible that this treatment supplied sufficient moisture to
the soil along with organic carbon to facilitate
denitr if ication near the 50 cm depth, which would also
explain low N03"~N values and the absence of NOt^N peaks
below that depth.
Well water samples at twenty feet showed high NO3-N
concentrations in plots 11 and 13 through 15, averaging
20-25 ppm (see Chapter 1). These high values are believed
to be caused by contaminated water moving laterally along a
diffusion or hydraulic gradient from the lagoon, drainage
ditch and feedlot . Soil core data show that NO ^~N
concentration from plots 11 through 15 averaged no higher
than 3.3 ppm and 9.3 ppm in 1976 and 1977, respectively. It
is difficult to ascertain whether vertical percolation
contributed to the high NO3-N values in the well water.
In 1976 NH^-N concentrations (Figure 3) were 2-3 pp.a
lower in 1976 than the original values in 1975.
Concentrations increased in 1977 and became more uniform.
No significant treatment differences (.05 percent level)
were distinguished in 1976 or 1977. Accumulations of NH^-N
appear at the 0-15 cm depth each year. Another pronounced
accumulation appears in 1976 at the 170 cm depth for the
75
5.0b cm treatmeat
. Tits croiacides with the accumulation of
NO3-N found at that depth in 1^76.
Total nitro>-jen values (Figure 4) in 1975 are higher
than either 1976 or 1977 values at depths lower than 50 cm.
The top 50 cm of soil contained high total N values as
expected (1100-1200 ppm) . These values in 1976 and 1977
decreased noticeably at the next sampling depth, then
gradually decreased to the 260 cm depth where values between
5 and 270 ppm were recorded. Throughout the sampling
depths, the control was slightly higher than most
treatments, while the 10.16 cm treatment shows lower total
nitrogen values than other treatments.
Chloride movement in this soil profile is very
pronounced, as can be seen in Figure 5. The average range
for Cl values between the 0-2<i0 cm depth was between 10 and
20 ppm in 1975. The 1976 values show higher and deeper
accumulations of Cl as the application rate of lagoon water
increases. Significant treatment differences (.05 percent
level) were found near the 50 and 70 cm depth. These
accumulations that peak near the 20 cm depth had
concentrations of 46.0, 71.5, and 67.5 ppin for the 2.54,
5. OB and 7.62 cm application rates, respectively. The
10.16 cm application rate peaks at 77.2 ppm near the 50 cm
depth. Another peak of 41. b ppm is noted for the 2.54 cm
treatment near the 200 cm depth. The control means are
constant with depth at approximately 12 ppm. The
accumulated cl was leached and distriouted deeper in the
76
profile in 1977. Remansats of these Cl accumulat ions are
possibly found between the 100 and 150 cm depth. Here
significant treatment differences (.05 percent level) were
localized near the 110 and 200 cm depth, where concentra-
tions for the three highest treatments ranged between 20 and
3 ppm.
Phosphorus determined by Bray's P #1 method clearly
shows p accumulation occurring in the top 30 cm of the soil
profile (see Figure 6). Average P concentrations in the
to 30 cm over all treatments in 1975, 1976 and 1977 were
278, 333 and 352 ppm, respectively. The P values oelow 30
cm were 50, 62 and 68 ppm, respectively. No significant
treatment differences (.05 percent level) were noted.
Potassium also tends to accumulate in surface 50 cm of
soil (Figure 7). The higher concentrations of K found in
the surface 50 cm of soil are associated with the increasing
application rates. In 1976 the 8 cm depth indicated a
significant treatment effect (.05 percent level). Signi-
ficant treatment differences (.05 percent level) in 1977
were found near the 10 and 25 cm depths. Potassium is also
accumulating with time in the upper layers. Values near the
10 cm depth averaged 618 ppm in 1975, 895 ppm in 1976, and
959 ppm in 1977. Concentrations below 50 cm are clearly
associated with 1975 values.
Calcium values are shown in Figure 8. The distrioution
of Ca in the 0-280 cm profile is erratic, showing few trends
with treatment or time. There was a significant treatment
77
difference nejr the 10 c::n depth. However, the difference
was not in order of increasin^j application rates. Sliyhtl/
more Ca has accumulated near the 50 en depth as compared to
concentrations above this depth. The average concentration
range for the 0-280 cm was between 2200 and 3200 ppm. This
concentration range considered the three year time period
and all treatments.
Magnesium values (Fijure 9) increased 30 to 50 ppm for
the 0-280 cm depth in 1976, but returned to near 1975 levels
in 1977. Magnesium did tend to accumulate between the and
50 cm depth. No significant treatment effects (.05 percent
level) were noted.
Sodium concentrations (Figure 10) are relatively
consistent from year to year, with accumulations near the 50
cm depth. Surface concentrations rise in 1976 for those
plots receiving treatments. Significant treatment effects
(.05 percent level) were found near the 10 and 137 cm depth.
Application rates are reflected in sodium values in 1977 in
the surface 50 cm of soil. Here significant treatment
effects (.05 percent level) were found near the 10, 25, 40,
and 50 cm depths. The 7.62 and 10.16 cm treatments peak at
108.7 and 133.7 ppm.
The electrical conductivity of the saturated extract
was measured in 1976 and 1977 (Figure 11). The soluble
salts associated with top 40 cm in 1976, where values ranged
from .88 to 1.33 mmhos/cm, appear to have leached from that
area and become more uniformly distributed during 1977.
7b
Electrical conductivit/ values in the top 40 cm now range
from .39 to .93 mmhos/cm. There appears to be a gradual
peaking of soluble salt concentrations between the aO and
150 cm depth. These values in 1977 did not exceed 1.00
mmhos/cm. No significant treatment differences (.05 percent
level) were found in 1976 or 1977.
Soil pH values were similar in 1976 and 1977 (see
Figure 12), increasing in pH from 7.3 to y.l between the
0-280 cm depth. Treatments appeared to have no effect on pH
values
.
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SUMMARY AND CONCLUSIONS
Water quality laws have encouraged the disposal of oeef
feedlot lagoon water on lands adjacent to the lagoons. The
lagoon effluent co'nposition in this stud/ varied
considerably from the effects of rainfall, runoff and
evaporation. Lagoon waters typically contain large salt
concentrations. The lO.lfa cm application rate received
approximately 6500 kg/ha of salt per year.
Electrical conductivity values ranging from l.OU to
1.30 indicate that salinity effects in the top 15 cm of the
soil profile can be considered negligible.
The exchangeable sodium percentage increased slightly
with increasing application rate, but the average percentage
(1.13) is well below the 15 percent threshold value.
The precipitation received during 1977 (103.53 cm) was
almost double the amount received in 1976 (59.49 cm). May,
June and September of 1977 received 20.41, 22.89 and 22.10
cm of precipitation, respectively. Several times during
these months, water ponded in the basins 5 to 10 cm deep.
This additional water coupled with the amount added by
respective treatments should be considered when examining
the accumulation and movement of the more soluble soil
constituents such as nitrate-N and chloride.
Nitrate-N accumulations and movement are evident in the
soil profile. Large accumulations present before lagoon
water irrigations began decreased and moved lower in the
soil profile. This is especially evident after above normal
precipitation occurred in 1977. The surface 30 cm of soil
appears to accumulate NO3-N in proportion to the amount
applied; however, no significant differences were noted.
Two years after treatments began, higher NO3-N
concentrations were noted for all treatments throughout the
soil profile. It appears that the 10.16 cm treatment
supplies sufficient water to cause denitri f ica tion below the
30 cm depth or to leach nitrates from that portion of the
soil profile
.
Ammonium-N and total-N increased slightly in the top 30
cm of soil through 1977, Little change was evidenced oelow
that depth
.
Frequent lagoon applications and lack of sufficient
precipitation to produce leaching contributed to Cl
accumulations near the 60 cm depth in 1976. Data indicates
accumulations proportional to the amount applied. In 1977,
total Cl applications were 70 kg/ha less than the previous
year and precipitation increased by 44 cm. The net result
was leaching of Cl from upper portions of the soil profile,
decreasing the amount present in previous accumulated
concentrations q^j approximately 50 ppm.
Phosphorus amounts applied with lagoon water were low.
The small additions accumulated in the upper 30 cm of the
soil profile. Lack of movement of P in the soil is clearly
evident
.
Potassium concentrations were proportional to the
amount of lagoon water applied, accuiaula ting in the upper 50
ctn of the soil profile. Movement to lower depths was not
indica ted
.
Calciuin and Mg values were not affected o/ the lajoon
water treatments or precipitation. Sodiuin tends to
accumulate in this soil profile near the 50 cm depth. In
iy77 the 7.62 and 10.16 cm treatments significantly
increased near the 50 cm depth.
Although EC values increased slightl/ with application
rate, the EC values in the soil profile over time appeared
to fluctuate more with water movement influenced by
precipi ta tion
.
The lagoon water application rates proposed in this
study did little to deteriorate the soil physio-chemical
properties. Precipitation amounts were sufficient to remove
or disperse accumulations of NO3-N, NH^-N, and cl
.
Potassium, p and Na accumulations were not affected by
precipitation. Their respective concentrations increased
proportionately with the amount of lagoon water applied.
These concentrations along with EC values should be
monitored to at least the 50 cm depth.
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APPENDIX B
Ground Water Quarterly Means with Standard Deviation
(Shallow and Deep Wells)
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APPENDIX C
Ground Water Quarterly Means for Each Block
(Shallow and Deep Wells)
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APPENDIX D
Ground Water Quality Summary of Values for Each
Sampling, 12/75-11/76
D-2
O-—'C^—i^OCCOCcsiOrM^^jrHCNirMCsii— .—<Cr-iCv3-cNrsics4i—(CM
rH<—ii-HOO'—iOOOOOOrHOmOiO.-lrHOmOO'—i"CCOK<—I
0^
r— <— r--— CNiOCOCf^r^OCvCOcyNrocOu^. CCNi<rcN;CO00<rO
0>CNir-iCNJCNCNiOOCOLnLriOCrHO'—ii/^ir-^-O-— OvTCNiOOO<—lOr^
rH rH 1—
i
r~i ri m
0CLnc^'H^<N0OCC'—lO
f-< m m r-> m in m
C-—iOOCr^vCvCr-.CNLPiCC'vy-^vC-— r-'t—lOO
oc
CN m m CN
^3-r^O<roomccmcoo^r-lr^cMO^-omoa^om^>-.— inr-^ONOr-i
<—It—ii—ItHi-Hi—icNcsii—irHO'—I"—iCOfNoocNCNiCr-iO-—it-j. aNr-:LnroincM
1—1 rr CN ro rH
c
c
^0<3cNlLrl0^r^mcN0G0CO<r
,
rHOOn-iOr^rHOvDini—i<rOCC<r^mr^
r^mmn^rOOr^COi—ic ' i—iOt-HOCCCMCr-^fsi
1—1 ro
<r C fo CN m in
r^ -^ CN
0^lnoor>-Cf~^O^CN«*0000<rOlnlncN(7^0^CNOCI—ICNO^lncNCf^lr0^1—t
ror-it—lO»HCNCNCNlncNr-^0'-lcN^~^^lo^l-^«3•OlnrOrH^sl'01—ir^cNrotN
CLnv£-oCvcrc-<r<r<rr^Ovc<rr~-!^<rvc>o<rfstnovCinocN-^cNr^
r^-o-<i<r>TincNt—ivCt-JCNTH^rCcNCincmOf^i—iCNOOi—ii^omo
>—i rH r-, r-) CN (N
m
LnasOinoCOr^cNr~r^^mocNCNrH<-'—iccocrocc<rr^CNOcNi—ivOi—
I
CNCNCNCNCNCN«3-CM\Oi-Hi—I^CNCN00Of^^-^a^>—iC^OCNi—!r^CNO^t—ICCiH
<H iH CN rO CvJ iH CN
O^-l•H00CNCNCJ^fnr^or«.fnr-^o>3or^<^^^•^^-^Of^C<rc<rOC^O
CNfSliHi-iCNCNvCOCNOCCOCCNOtnOvCCL.'-l.-ICi—ICNCvCOCOO
t—
;
CN ^ <r —I CT'
o^inoor--r^ini.omr-^-c-OOcNOr^OCvc>r^Ccr\rHocOtnovDO^DC;
cNmrsicNCNr^<rOrHOOOcNCcNOf^OfnocyNOOOvOO'HOooo
•C- CSlCNi—IfO rHCN»—I
cN>3- Ovc ins£) mmi—I.—i<ror-ccrvOcN mo Or^ i^r^vcoN^ni—ivo^a-oo
-;3mcNcncN^o.-;ocNOt^ovCOCNOr^oo^ocy^'H1HOCOf^O<^0
«3- mr-)rHfn cNCNi—I
4J
c
0)
wQcoQc/:)Qwouoc:cr)Qo:)QWGwQcoQoocc/)C:coOWQtoQ
o 1—i CN m in vc CXD 0^ CN ro v3-
D-3
COr^C^OOC'CC'^cc<rCC~->^r--COOr->r^CCCCc:C:C"r-
c o o c c o c CCCCOr-O— OOCr^COOCrcc- C: ^ I
<rr-HrHr-<rsir~. Or-i—. -^OOr^O—iO<rr^ ^CCr^O-<rCOC;<r<-
OrslCNlfMCNlCl-lCOrHCCCr—
CM rsj CN)
0^
r-l00000000vCC0L^0C^0'H01—iOf^C—:Ct.0CCNlOOC
OOCOOOOCCCOO<-iCmOcNCCCr--00 0!NCCCcNlC
CO
o
14^
00
cNr-HOvDr^vc\C)Ovr)ooL'-irHO>r^r~-r-~m—iL'ir--, Oocc-r-^>,ccvcccom
r-J. —
^
CN CN
B
!-i -^
CC I—
I
E rH
E I
CO r-«
C CM
O rH
-H ^^
.U
CC CO
^( rH
4J rH
C CU
CU :2
O
C 00
O C
O -H
tH
C Cu
<U E
bO CO
to
•H (U
C OJ
1 -a
ci
4J 'a
CO C
>-l CO
4J
•H2
Q
CU
,o
CO
H
c
o
vD
in
CM
OOOOoicoOt—lOOi—r^OOOOOCNii—!^-;Of^C^^<T^^JCO^OvCf^
C0OOOOrHCOOOCr-tOOn-)O<fTHCNO<3-COOa\C<rC<3-i-J
iH CNi CN
v£)(^^lCco^-)f^O^O^ooC-^oor^C^OC3^cOO. CccCccrcr^r^vT^COCNj
<ri—icoLn<rr^mrocMcsicNr^cNii-H-<rccMrHCNio-HCr-ir-nr^<rL'^. C-c-^r
I—
I
CM CM CNj CN)
inLncN^Dinroco<rr^Lnc>D<rrn-^r-<<j-r--ii—ir^ccin, <rr-^vrr->i— r— L'^-c"!^
LriLnmLnLnLnCNi—iCNlCNrH^HOCmr—l-<rOm, Cr^CNC'O'— OCNr-iCC
T—
:
CM CN m
inO oo mcc Oi-h r^THoo<rOCcc<^r^v3-tnoo oc^oCL^cxD'—< cm
CNCNlCNfOCNOOOC:^OrsOr*)COCNl>d-OOrOrslOvOOCMCN!LOCNl-0<-\^0
r-- ^ CN! f^
cncNjL0C0CNjmt-<<ro<rcN!<rccicNcrN'^OvcocJDi^vCcjD\ccr-^<rc^cN;o
r-i^fn<r-<rr^tHiHOrHCNmocNirocvDrocNr-(vcOf^ij'><rr— cr.-HCN'-r
rorncNivD<fr^cr>r-icNiHvtvr>r~~coocop-ioocN<fiHCX)CNr-!mcovjr^CCNj
in^rininvor^rncnropornroi—iocntHLncNincNiioocN!o-!OCr-i'r^r-:rncNi
CO I—
i
CNl <3-
r->r-»ror-(T-Hv£;i.nf^coo-^oovDmrHCNiocNmLnc^CC^r-i<rr-ccm
OCCOC'-IOCNjOCOt-IOOC>-HCrnCi-'->C:OC'—lOr^CCCCCCC
n CNi CNi ro
r~.C»r-^r-ltHvOOOOT—l^-v£)<rOOO^r-!C^COv£lO^OCCOCC^<TCLnr-CC
OrHrHiHCNlO-iOOOOiHC-HOCNOf^OCLn^COCOCf^i—IvCC
(y20cnQc/^Qc^Qcoct/2C!cr;Qc/:Ga:C:wc:c/:C:!y:c:ccc:!y:C;y:c
4-1
c CN CO CD^ C <—
J
CN r-i
D-4
a. r^
1 CN
c M
o iH
•H iH
u <U
cq 3
M
;-i ao
c c
OJ •H
u rH
c p
o C
o CO
w
E
D ^
•H Q)
M 01
a; -o
c
OO -3
a c
X ^
00
v£)
Ln
r^vC^m>—ir^<ri—loot^i—^^-~vca^COLnoovCOvCCO'noooOl—'Oooc^<
cr^cocNr-ir>»m(T>OC'-ivoovou~imrgmmmo>i—(oo-H(NCsOwr«*oo
OMi—Ir—(CNfOiHi—IrHCNCVJCNMCNi—(CNCNCNCNCNCSICvlCSi—ICNCN<N<NrHrvJ.H
^r^u^p^^vomr»»o<^i>-HCNmfnror«o><rc^iojLrii^oioovo>T^^OCNC
0^<?^r~»l—!^oo^tnQOCN^-^(—la^CO^vO'—iCNrOr^mOOf"^!—t-jO>X)CNrOi—(
tHi-^i-^CNCNi-^iHrHCNOslCNi—ICNi—(CNCNCNiCNICNCNrOCNt—iCNlCNirsir-J.—(f^iC^J
X r-- 0^ r^ O Li"^ r^ Oo4C0r—(CNivDr^-crmOcNr^Cr^o^ v^ O r^ u^. ~3" I—
t
ooooxooa^<TO^-iOoooOfHO^mcNfn^omc-4^r—^^-^cNJ<•o^f^JO^.-^0
'-^^H.-^C^ICN^--t^HCNCsl^^^r^^-^CV|l—ICNC\ICViCslCN<N(>ICNp--(Oir-JrHCNi—lO-JCN
CNi<r!^Lnr^r-.oocnoNOCr^<—(Ocnco^r-^moCNCNvOC vc lO M 00 m
r^mcOONCOavCOOt—•Cr>00CT\CT*0>vTfMOf^0^rnf^C00r-HOQ0CN00CO
—
I —
i-Ji—i^rM—iCNCNIr—'f—I—(.—IrHCNCNjrvlCNi-HCNCNO-Ir-HCNCNi-HfSi—ICNCN
0000'—troor-~OcorovOLnmmmrnf—irnonrncC"-0<r<-C rNCO<rr~~'^T—t
Oi— <rO^mc^\0CT^O^C^C0C^r—iO>mir^rH<rcCrOvC'—'0Ou^u-^^^r^C^l—It—
(
I—
I
—ti—!—If—li—1^1—li—(,—li—IC^li—l<NlCJCNi,-1 ,_(,_, fvj^,_(CNIr-(CN I—ICN
mcNir^r^osi-;rr^i—tr^^vOun inoLnu^oOi-OLncNCNOoOr^co^rco
oooo-TCN-vro>-<ro^oi^aN i o^mm^cN^-l<o^-^u-lc^r-~>.<T«3^oo
rl^i—I.—Ii—(rHr-ICMr-ICNi—liH t—ICNiCNCNCNCNCMCvJCMt—li—ICNr—ICNrHCNCsl
cyiint—^l^-3•vo^^<|>If^^^o<ro^r^c7\OOco<•oooomcN^^c^vOc^l^ccoo
vor^i-'^^r^r-^<-CN^Or--.QOf-iONCNii—(CNicNiOtninc>vcr^^ocr^aNi—ir~
r— r-^rHCNr-i-—fi—IrHi—ICNrHi-HCNi—ICNCslOslCNC^ICNCNIrHM-—ICvJrHr^Jr-lirvJCN
mcMr^cNr^^O<^--cNCu^ocoun<^-lvcooccc^mo^^fom^-^c^l O CN
^CNvOCNCOOr-.vx>rocN<r cNv£3l/^^^Or~~•C^l-^<r^^^^cNLrl^oc^c^^foro
C
0)
C
coooro^^£!C^oou^moooo^roOr^r^l^J^-^!^^l<rr-v.a^ooOl^JC^OC^OO
I—trHrHOgiHiHrHrH^CNMrHCvlCNCNCNCNICNCMCNIOJi—11—ir-iCNir-(CNIrHCSOsI
CO-—I^OoncNLOmvOi—IO^r>•'vDC^JvOfHr^l—IrHlTOCNQOr-^cyir^vOOOCNONCJ
c>ocLn<mooc^JO^cNCNCALn<NrHcnvOi—!tnv^oocNaDO>c-o—iOvCr-(
1—It—li—ICVJCNCNrslCN^CNr-)i—tCNCNmcMCNCNCViCNC^tN-—ICNCM:—ICNCNICNrvl
C/3Q -':£:; CO ;r!cnacr:GcnQcnQcocc/2Ccnocy:cc/^acn:2o-:
in vO OO o^ o —
v:i a
uo
^C^^tN^OOr~>-<roOf^Ja^vDOOa^OOmr-lOOC^(—lm00-Jv£!-c•r^^cCOO^
—It—ir-tCNt—It—It—(iHi—1^1—IrHrHr-iCNCNirvJCM^CNirsltHr-Ht—ICNiHCNrHCNi—I
,—(rvjunr~.-c-r-n(j\a\LnrMvccncNt-Hr-coOt-HO>OincOt—(C^l^c^lC^moc
oocogo^oor^comt—l^^c^r—lOvoCNl!r^fncNvfoo<Toor^c^^oo^<r<-^ j
iHt—it—lO^i—It—ItH^i—iCNiHiHrsI<r\ICN<>JCNCNCv4CSCO<^vli—it—irsjt—ICsli—ICSICVI
<-Ln<ru-ir^ccor^cooocNr—troocNf^f^oocNf^cNfocNOOOt—lC^O•<rr^
cc^^<rcna^l-^l—io<rc^C'—iinroi—(Lnrnin^r^f^t—ir^o^t-HcNCNir-^r—I
CNr-it—iCN^r-JCSIfMt—irvJCNCNCNCNjmCNCNCNCNCNmCMt—irslCNCsJCNCNCNCN
D-5
COCO OOOOOOCCOOO coococco COCO
(^ oc LO cr. T—I r^ <T C"-. vo r^ rn Oror^-cC<ro"-<rC'^ ^ L'- ^ OC C (^ Cr CN! —
i
<— (— r", r^, r^ r-, cn: r^ fO
to
CO
u
o
CO r-^
3 --I
m ^^
O rH
J-» 0)
CO ^
uU &D
Q) -H
E
D a-
•H CU
CO (1)
cbCd
CO cS CO
CO
vD
c
o
m
CN
ocooooooooooccooococccccocoooo
iHtHCNrHcNCNCNr-^r^r-jcNicNCNir-if^r^cNicNir^, rnr---CNCNrOfnror*!cncNjf^
oocooocooocococooococcocccoo
ro vTi vO O^ T—> o> <3-
en CN <N CN m CN CN
o TO r-~ in r«- oc
m CN CN en CM csi
0> r-1
CN m
OC O
CNI m
^^r^<rccCOrovcr-00
OOOOOCOCOOOOOOOCOOC cococccoco
•^oo^d-O"—lc^\^!vccotncvCLnmc^^^^o^oo<r-^^cN<r<OL'--, —
cncNCMnroeNCNCNCvjcNr^, cNfMCNr-)CNCNCN<nm<rcncNr^r^r- C r--r- r\j
OOOOOOOOOOOOOO OOOOOOCOOOCCOOO
OCN OOCTimOvDOrHCTvCN ocT\mc^ C^-—t OmoCr^CNOOO
mrocNroromcNo-)<rcNimr-)Csi mmcNr^r-immcnncMLO O 1—I c CN m r-^<r r^ <r ro ro m
OOOCOOOOOOOOOOOOOCOCO COCOCOCO
c^aN<r<3-oDr-)r^ooocNCr\r-<r^oocoocr. O
CNCN fNcn<3-(ncNCNmrocN cncN fsi<ro-i<ncN<r or-^ONCNm^a-cNvrcmm
OOOOOOOOOOOOOOOOCOOCOO c o o o o o o
cX)^MDiH<o<rr^r^r^ooLniooccinr~iT—!L'-^o~)vc:co<rl-nc?^unocfno^oo
cNCNCNcnr-irncNCNCNCNrncNfOrsifnr-jfncnnmror^cNrocnmrocNmcn
CNT—l>.ocC!C^r-^CNODmoc3^^n^-^f^cNLr•, cN<rr^cNLOi-nLnLnOi—:'-rv£vCi—
T-^0^00^0-—^CT^OOI—ItHCN loo Orl rOCN ro<rvOOCN OOCN locn moN m^'
CNtHrHCSCNiHCNCNCSICNCNiHCSlCNCNCNCNCNCNCNCnCNi—iCNCNCNCNi-iCNCN
m<romrH,Hi—iovDmfMc?Nfnp-)vcr^CN.'iHrHP^r^^mcNLncNinr^voo>
1—(OmcTNLOcNOt—icN'-HcNOOO<r<rOL.n--n'occr.cNOC<rr^fnc^Ovr;r—:
CNCNCN.—(CNCNCNCNCMCNCNCNCNCNCNCNCNCNCNCNCNCNi—iCNiCNCNr—'CNCNCvl
O
r-l
CO
H
^^r-^CNvDC3^<r<rcX)f*~)^^O^CNI—lOcr^0^0C^^C^vCr^0^^^r~^O'w(^:^<^C^
Oc^cocNunooOr-ii—ioo^COcNCNOr-)<3-Lnr^-—jr-~cNCCi—imm>3-0
CNi—<.—tCNCNCNrHCNCNCNCNrHr-JCNCNCNCNCNCNCNCNCNi—iCNCNCNCNCNCNlCN
cNooc^^o^fnoOL^O<rcNoomm1-^^^LncNOcNvccx^f^-^<rr^^^cco«c•f^
tH<ro>cNcnoocMCN^rHOi—I.—i<rmfn<rvc<rcr\.—ioocNm-H«a-c<r'—i
CNiHrHCN rOCNCNCNCNCNCN CNCN CNCN CNCN CNCNCNCNlCNr-fCNCNCN CNfs! CNCN
4J
c/DQcoct/jOcnc:!COQcnC:coDcoocooa2Cor!riCCCc/::i:c/:Qc/:;
o •<r in vC oo C7^ m
D-6
vCrsir^vCr^vTO^TCC-^O-— f—
.—ICNlOCNlOl—IfNtNIOCCNC-— f-^rHCl—I
r-l • • •
mcNi.— — r^— rvj.-'vCcN—ir-ir^i— CNtNi—lc^lf-^CM«^c^^0^c^l^^J^^Jl—(.—IOCS)
O
iH
iH
CO
(0
o
>^ I
i CM
K ^—
'
c m
O 1-1
•H i-H
JJ 0)
c c
O .-!
c c
O E
5 CL
•H <U
to
o c
0^ cc
c
c
ON
oc
I—IrHrHi-J.—I.—I>-H.—(»—ll—Ir-J ,—Ir-^r—
vCr^r~^CCr<fnoor^/OCvCr^vCCsiroCCT>cXj>>DCNiCNv£50N<rr-i ^-r-jinorovO
r^fSCCNmrsl<rCNvCCNmcsiCMrMr-CMONfN|LnCNrHCNJCCCN10C<—ll^O-3-C
I—1^-11—li—(i—liHt—li—i I—
I
roconini—im>i5CT\OvDOvD»3-ONma\ooNmONOomi—imoccNmcN<-o
rnroONfOONfnf—icNf^CNi—icsiOcNjcNCNi—'CNii—(csicNrnoOCNJCNrni—;r^OCNi
0CCC^O^f^C^mL'-lCN^C-HC3^ vCO>^<rc?NONiOLn{NiLriCTsOvor^rni—in
vD
r->
CNl(~-:CCCN0C<NCNr-)v:rCNOCN; I CNt—ICslOCNONr^CNmr-^CSIfHCNOfMOfsl
r—
'
f-<^-.l—llH 1—IrH t—
i
r—ll—il—I
0<'vor\iLorO(>jcNC»»—loccNONrsiCNir^i—!<-r-i<rr-iv3-rocNLnrsi.-Hr-lOi—
I
t-H r-ti—I 1—It—li—lr-l>—i 1—li—I
CTvrsicsivoro\oo ncc >—irH vor^ONi/^r-i^-i—i onon ini—i OvC r^mONo^i—irH
C<rOCNLOCNCNCNIOCCNONCSIt-iCNCSirnOvDONrOCNfnr^(:NCCNCr.CNOCSJ
-HvCClnvC(^J<—ir\iLOCriCsifNv3-in,-HLnfsiinscr^i^r~»v£Lnr^LriLncN».CON
O^O^vOCN<^CNiCNJCNlCO^-IOOCNOCN^slCNJOCMO^^OI—(CN^DCSJONCNOOCNCTi—I
1—i' <—
I
1—
I
rH tH iH
r-^<rv3•Or-^<3co<rln^-^u-100c^l^-l^^^£>^o<^vDr^lO^•<r1H^-l^^^H^^;cooovc
Cf^vCCNlinCN-^CsJOOCMONi-^CNrslCMCNONCNIOrO,—ICVJvDfM00CN00<HONi-i
in
tC
H CN
<rr-i>3-i-'^Cr^, On^r~«OcslOinLrir~.Lnrs!L'-^(Nio-)CNLrirHOCNOvCCr-^i.'~i
C-vrr-»cNLncN<rrsioocNCCNicNCNCN(NCcNi—ir-^CNJCNir^rsioocNr^cNOOrH
i-l rHi—I r-lrHTH>—(tHiH
r^tni—ivDv£)vDco ocTsi—ir^ i—iino mo^rcNcsii—I r^vcmm^rrocC'—ir-ivo
Om00f^l/^CN<rCSONCMOCNCMCNmCNOCS»Hr-)i-HCNr^rsICN(N00CNa>i—l
c/:iC:;c/:C:coQWC:coCc/;QcnccoGcnOc/:Cc/2Qt/:Ca::Ococc/:c
O
1—1
P-
vO OD ON in
D-7
occoccccooccrococccccccocoooccc
occcooccccccoccc
^r rr <r -3- i-r CN LT i-j <r — !~- — r-,
CN
cccoococooocooooooccccooccccoo
00
cooocooooocooocoocccccccccccoc
CnIlt, rsi>3-LornLOrooor-irsir-iv3-r^<rf^rsirn^-j<rcN<rO^-c-{N<3-!— r^t—ir^
occoocoococococoooccoocccocccc
I—li-H-—IrHCNTHrHi-H,—(i—ir-HrHt-Jr-r—
O
in
occoocoooooooocoocccccoocccccc
<rrncNi<rv.DrnLOr-)OOf^CNiro<rf^<r<rcs!r^cN<-c^<rO<rcN;<-cN!r^.—ir-
oooooooooooooooocoocoooocccccc
rHv^(NiLnr^onvX!fncorocNr^, >3^^LO<rcN<rr-l-cf^4-crc^Lr r^^-cvmcNim
CN 1—1 T—ir—!r—iT-Hi-HrHiHi-Hr—I r—IrHr—i
ooocoooooooooooooocoooooccococ
Ln<3-r-Htnf^«d"vor^TOr^rvifoinfnin<rro-c'o-i<3-<rLnOLncNLOCNio-iCNf^iHrHrHrHlHi—ll—irHrHi—I. rH-— rHi—I'l—I
rHCN OCNJ-3-CN CNliHin.—lOCNCN CslCN CNIO CNC CNi-^CNOCCM CCN C^vCN C«N
cNvco^<^--a^vDo^oc^r^I—l0^r-^a^•<r^D<rl—ir^mr^tHO-<rf^ir^r-icr>r^
1—IOCMm^OOOO<OO^IHOlHOIHOOI—lONrHOi—i^^CNC^C^!CCr-^OC>—1
T-i iH iH r-l rH <—
I
r-i
cNC^vDO^o^vDcN<-cN<r<r^-icN<r^~oo<Jvc<^t—'r^^TL'-^^rr-^cocrvX^r-c-
csicNiocNi'-nrsimrs.i^cNi—irsjmcNCN'-^i-Ji—Ji-iCsjosicNiccrsi—'—^C^H—^cn:
rH i~H T-H 1—
I
f-H T-W rH r—
i
t—
i
t—i r—
^
r-~^ r— t—i
Ovco>vc>cNO^oovoo<rcNr-iO<-CN T—.r^-<r-^<-LnvCL'-i-3-«a-^c^'— r-- —
rocNii—irsirHrs!<rcNr^cNCsJCN<fCNir^CNir-icNrocNr-N^oCCNCsicNr-'CN^. CN
r-Hi—(tNi—lrHiHrHi—li—I r-i ^ rHi—ti—i
O
u
o ^sIr*l<rm>X>^-^CC'C^ CN r-l < L-^
D-8
E vD
d, r>.
C~^
^^ .-)
T—
(
>. 1
»- in X
a r^ *J
E *>-- c
E CM o
:: --1 s
X "-'
C K
C rH
•H r-l
iJ (I)
CC 3
V-i
xj oc
C C
(U -H
c ^
c c
C E
u c:!
K
<u
-c c
•H O
V^ (U
O 'O
X -a
u c
1
"'
r-
C
OJ
1—
'
-C
c
E-
c^
oc
vC
c^
«N
CN
u
o
•-i^-»-iCCi—I .—Ii—(^^rO CN.—ICNi—IvC \Di—lO^^—liTii—IO^l—IsCi—(CMi-H^
'-^fSli—IOC>-HrMt—ICN-Hi—li—(CNI rnm 1—IvC r—(f-^r—lO^i—(CNIr- Oni—isC<—ICsliHi—(
r^vcroc-—lO^Cr>.lOLnOf0^oroa^m^^^^oc•—ivDvCLnoc^Hr«-f^Oi—ir»«
.—iCNj r-,,— ,—J,—,,—i cNi CNi—icN»-ivDi—if^.—iCi—, r— --lOi—'in^jr^i—i(N
<ri^ocr^>—ir^ocO'—iC^Om-jtNjLOi—i.-HvCvCrsi<rttCNimc:r-)-vrmoOi-<
r^T-<m<T00sTa^<—iL'~, Of^OOinr~~r-ir-^ooroomr^OOr^ocr^CoOr-i
r-ifHinCsli—\i—(r-ii-HrslfHCNrH<^i—ir^.--1-<ri—iCCiH^Tr-lvCrH-^r-li—|i—ir-1
^^<rO<r(~^^fNr^tN<-i—I ^ooOcNr-1r^L^^-lCNO^c^o^^->occr^
0<rvx;co>oo<-(inooroaNON
CNCNIt—l>£rHCsJCNCNrHCMi—im o^t—^ccs3Lnvc^oo^<rvcc«^lr-)<rvccNm
r^i—iv£)0^voa^•<roo^—i<}-o>ocoovCi>TCNr^mrovDvCCNvocsiooOfMCNr>»
1—Ir-i^-^^Ci—irsJCNlCNi—iCNr—irsJi—l<J-.—ir^r-HOCCNr^fSICOCNinrHlTiCvjrni-Hr^
rgt'^cNr^co^TL'^, r~--r^tHrnr-icNO'~--OvC<TOCoOLnLrioc,—ir-)00r~.rnrooo
I—
i
Oi—fiHiHi—I t—ltHr-irHCMf-i<r'—IL-Ir—irHrvjr^i—ICNi—IfOiHCSJrHt—I
OCr^ocvOCNv3-OT-<<-o-<r<r»3-<-<roc<r<rr-~rHcrNLnrHvDrHmr-i-HLr,
iHi—I rniHi—li—irHi—liH.—If—I.—ICNi—l<3-r-i-a-'^OCNlvCrHr-)rHf^rHCNi—ii—
I
r^^C•<roOl-'^CO^^JvCO^r—iOni—irn>3-ror^<rr^cNOi—ir-ir^, CNOOsOf—iLTirn
r---ccr~inc7NOOcsir-!<ri—i-<rr-i\Ovo<-LriT—lLnlnoc^o^vc<T<?^t-^cy^for^
-—I vO ^cSliHi—IrHi—ii—(r-im^<rrHLnrHCNCNv£3T—;mi—ICNi—1<—IrHi—-
cMCCococvOOOocrocMoommvocvji—iooaNin<y>mtNOiHinc?Nin<r
(^iHr-^vCincN^iccror^rnLn<—loocNr^L^<roOLr^vD^or^^~-1—ir^OCJOO^a"
T-l.—I VCt—!i—inrHr-lr-ll—l.—Il—ICNCSjrni—IrO,—ia>tHvDt—im.—ICNlrHr-l.—I-H
r~~<rr^fMCNrsir-^r^O^Dr--c<ri— o>nv3-'>Dr^r^r^oocMmr^r-~^r-~ cc
occNi\£»3-T—icr\vooofncyNO-)OcNCNCNicsim<rr^mmOLnor-)CNaNvOCO
I—I r^rH rsjr-ii—ii—iiHi—irHmfN^rcMint—icvii—!Oi—lOf-im cNt—i-n
y;Ococeooc/)C!C/;Qc/:QcoQLOQc/:;Ccr:C:coCcnoc/:!:::ccCi CO c
vC CO o>
D-9
!3
o
iHH
CO
^
CO
!>l
O
iw
."-s /—
s
S r->
ar-
c--^
^-^ iH
I—
1
>. 1
U vO £
n3 r-. H
e -^ c
S CN
3 rH s
en ^—
'
c en
O rH
•H rH
J_l (U
CO 5
i-l
4-1 00
c c
OJ -H
O rH
c a
o B
o ca
en
OJ
XI cu
•H 0)
U (1)
O TD
iH
A n3
CJ C
00
Q
COH
c^
CO
MD
m
a.
o
O 0^ O O ooccc>vcro<rrHC<ro c^icc-cTLnoooo-^c — O—C
C o o m ^
O U-) C CNj 0^
LncNLO<d-corooLnr^O'vC~CvC<rr-i
I—I I—( t—I i—i cN m <-i—
I
I—(—'.—ir-!rHr^i—ICO
CNJO>i-n'HO>r^rMcOLnrsivCLOCO~cOr^C;LroxCXC
Or>-CO<ro^iOOiJ-irnvCCsi'v£)u^Lnooir', ooccCi—lu-iv^r-^i—(r^tncr^cn
CM r-n 1-1 rH rH fO -CTiHCNiHi-JC^fniHCXDi—ir^
OLnv3-ocNv0Ovor-cNCX)«d-<riHCNn^00OmO;no<^O'HOccowC
OlOfOLnvOrH^OD'OrHLntH'vOLnr^OLnrH
iH iH rH rH iH CN <r Or—lOr-4iHiHf*^ r^— vC
ocor~~Lnoo<raNinmoNOror~ocou^cmo Ci-ncccCLTCi— Lr>
OO<3a^'^D0^^IHL0lHOcN<^f^^^Ol-^I—'r^-<rs3-cNvDi>ifMCC-<rvC-<rr~~
en rH rH iH <H CM
-C" v£)r-(CNrHrH—(CM^L-^, rnC"-
OO^c^JOc^lcJ^OLOaO\r)COOvOO^mO>^OOc^J <rcoCLncr--o
L^^Hvou^^^<J•o^<fOCT^r~un^or^O<ri~
tH rH iH rHrHrH rH rHrH>T
rHa30vOCOO«TOr^CNC^>3-
C-| 0>rH0'HinrH<-iHOlHC-!
rHu-ioo<rcsirHC-<rcounoocMmM30rHO<rocor-iOOOcooc~4
>d"OLricor^<r<Tivoa>r^r^oooOcovOi:Niocoooi-i^rJOi^c^<rcNi<-
iH iH rH rH rH rH rHrH<r UO CHCOi-1\OCsjrOr-^<r — CM
cofovoou^oorHmmooocsjvooo<ro<rOLnccococHCOO
L^|00<•ooc^o^c^^o^-<^r^ou-)Lnr-»a^c^ooco<:^ccoo<vCccc^Joocncx3
0^rH H rH rH rHrHLH un C^JCNml—i^TiHi—iiHrOHi—'
OCMcoOCNCor^OOCoocoHLOCjsocorsimOLnocviOLnCc^iCi—iw
Lno^^a^o^c^coooOrH^^<rm<3c^l^^^-r^a^u~!CCc-^<TO<•omlnm^-J
CO iH rH rH iHrH<f
-^O" 0>r—•CsliHiH—JCslrHCOrHtH
Lnu-iOOOOOOOLnLnOunooou^iOuncooLnCLnocoLT.
C^C3^rHCL^OCO<C^JrOOOOrHl^a^CM<r•<rvrOCOLncOl^cnrHCNCMr-l
rHrHCgHCNJrHOJrH<>JrHCMrHC^4rHf-^rHr^rHr^JrM!^<Nl'«OJN<rCN<3-CvJ
cvio^rooounocoLoounooLnou-iCLDOtncoO'-'^ocooo
r^i-naNCT\cNr~-r^Ocri<^cooo<3-c^iOOO^cM o<TOOi^c\iOc~4C0co
rH OOrHrHiHCM rH C^JrHCvJHr-rHvOiHOCNCsJCvl-TCNCMCMmCMCO
Ovooooo ocor^unor^r^OCvoor~-cNir^O unov r—r<roo<ri^c->00'^
vg-<NiCMr^cOfMLn<f>;]-^CMON<rC>COCNrHmOOcnO>r— OmovCOOO
rHCM iHrHrHCN|CN«^l rHCN iHCMrHCMrHCOiHCOi—1 mCN C^Cvl ^TCslHrsjin r—ir^
mcNjco<rmcNCMC\iCr^^cMLn-crr-^i''^cocsic^f-^nc\r~-OcN'—!."^a>'^r-i
(^JCOc^^oo•^Tcnlno<rcncn<r^^rHLr!^o?^^o^^---u*l^ocMO^C:oooc^c^
rHCMrHOCMCNCNCOrHCMrHCvJrHCOrHr^rHOOi-iCNirMO-iCN-<rcnrHCJ-^r-iCN
rH :H r-i r-t .H
cnacn^^cnacnQ-ji^cri^c/^ncn
— c/^rz'J^^^— ^— ^T— ^'!^^''^ —
Csl m o CO ON
D-10
r^r^oocNii—i-^ooOOmoomcNvor^cNOLnro<rrncNOO-<rLnooOini—t^H
^£!cg^oCLn^^<r<r<-^c^lcNOO(^ooo^cNLnc^looo^oooOLriLnoOvT^-»<NOOl—I
C7\v£),-i'sOvOr^jvOoCrocNir^cNLnoocr^<Tr-^CTNrHOOO r~» <r ro n O ro (N
vDr^OOOvDONCNCNi—(O>X)CN<<rOr^OO^^^r0ln^Ov0^0lOC0n<rO00
0^
CNOCu^r-~r-(r^rjLn<rrnc^cNi—lONOOOooinmvO^^"—icocNvOunm
^n^-^^-^o^co^^Lnvi;ocoa^LnOf-^cN<^JLnr*)>^o^OI—loco^Lrlr>-.<rO<<rf^
unv£)<rlJ^co<T(^u^l/^-J•cNc^u^L^(^JLOoo<rC7^<^oou^cNlL^LrlCNc^Il/*l^.o>3•
oo
:Noo<rvO<ri—lOcoQOOt^f^rnvcinONi—((^4voc^vOonr—i»T o a^ CO o>
oo<r^oo^voo^m^o^oooooo^-a^o^l^Jlncoa^mmooocr^co^o^*»c^
c
o
\o
in
mt^\£)ONr^ooc^oo<rcor^cN ^~»(J^mcNCMLn<Tr^L^c^a^roc^mo«NO
fncNmcNLncNu-i<-cNiLnr—)i—
(
oa^OcovooocovOr^coo^Lno<rnco
OLnfn^^o^oo<rr-.mco•<r^Ol^cNlcNr«oooOT—(mLn^H^-lLn-^>3•r-^r^vO
<fmcnLno^^4c^lcoo^fn«NLnocoocovooo^-^m^^oa^oocNm^l—ild
<r<r<J•<•<r-<^^mc^l<^fn^^•<ra^oooo^T-<^Ln^^ovrcNoofOcNma3^o
cN^-^fOcoa^o^^^cN^-iLOCMu-lr^ovD^Lnoco^co<^<3^^mcoo^oco•<r
vOr^ogr^CrnrornocNi—iro^inLnuoini—llno^c^JO^oCT^cnOfO^^Cl—!
o^mcocoa3oor^<•'vO<^vor-C-<rr^oo>3•^cMQO^^cN^Ov3cMLnp^o^oc^^
<d•^-lo^^^lrN I—iOO^ vc^fOLor^OOcocn unOvOuncNOOr^i-OfO^a'O
CN
cNOOoocNr-fi-Hoooor-.rHroc\r^<rrntn."nt—icrvoo>aNO>coo<riLnrornvo
a^0^0^\£5O<r^-~C^fnOOOCLr^^^l— COcN\£)O^^LnOOO^cgOO^r—ico
vOi—l^n0^^^00C3^OOOm•<r00r0C0vr)—'r->.C0C^JCNCNvDC0<rc^Ot~~«^O
cnlr^lOOl-^o^rHco<rIH^n<tOvocofoa^c^^^L^ln^--.f-^soa^r^L^^r^l—I
LOroc^jroc^jrni^CNir-)v3-:rgrnLOo-ir^<rr~~CNi-o<rr^c^<frHLrir^rncNOOr^
c/: p GO Q en coc:c/^c:icnQ:/ic:coQG^S'-/jQc/2Qc/2Cc/3C:c/i;3c/20
ro L-i vo CO a^
D-11
oooooocoooooccocooooooocoooooo
—I ^Hl-^T—i— — r— CNI—1
o o o c o c o c o c o o c c ococo c;coo
o o o o o o o cccooccccccococcccocco
a^ C <r •<r CN
c^j vo ^ m
ooooooooooooccccocococo c o c; c o o
CO
oooooooocooooooooooooooccococc
0^r^-<rrororo<rfO(r)fovocncNcc<ri-orncNivcoccci-'^i-'~io^c>
OOOOOOOCOOOOOOOCCCCOCOOCGOOOOO
O
s
>X) c^^-^^--«ooLncc<rC^oomo^OLnc^v£)r^<r<^^Ot-^cocNcc^^v^;cr^ooo
I—
I
1—1 CN rH CM r- —
I
OOOOOOOOOOOOOOOOOO o o o c o c o c o c
LO
vo^u^<fTHOO(riv3-cor~~oncoo^<roooi^cnmLnov£;r^ro-^[~^r-»or^
rH r—
t
i-H r-l rH CN CVJ
oooooooooooooooooooooocoooccoc;
Lor-^cNvor^csicN^fOtnt—i«NcrvirsiLorncNOC^OOLnC'-n-<rX'-0<rrvj
1—<r--vOinr->-cTv<r<Tu-i<rXf—lco<3•omx^-.a^r--xo^^^Ow^or^cMXm
m
xa>OTiH(rNr^LnfvjvTCNi<rcNO>vommo>-HXXrHXiornv£)'-c.-TCOON
xr-v£)0-<rvDr^rHXi—ir^unLn-<fXcNr—ivoxXr-!voaNC7\'-r', r^,-^c>or-»
on<r<r<rc'T<n<rfNicNLnrnrHcNrou-iLri'^incnroxunrH-<r^o-iLr>. <r^c-<r
x~<l^o^—iLncrsOcNiCNiCr-iroo^Lnf^\£)mcN<r\0^r-i<r.—1 o^ vO
r^Ov£)im\DM3unr^<rvOv£; unr».r-(<TiXO>-J-Ci— ^c> r^ X m sC CN CN (Tl
•<rmlmcNv£>o<NXO^mo^^r^^^-.d\oc^lXOcNXXt^f^vCc^i-c•b-lr-1<ro
Lnu^ij^i^c^~crvc<r<ri^<^<ru^<r'j^"^ij^OvOfoi^i^cnLnr^uor--.Lnxi-n
<r.—i<ri—tcNcNivoxocn-3-i—lO o^ro->TXXcNvc-<r c^ X c^J -^ <- o
'sOmv3--<r'.'n<3-vomm-<rr^-<r^D<rOLno'sD^\OXvc <rxOLn<rviCi~~~:nnmr^LOX^rXLn
(xi a (y^ a 'j^ ci u^. :::, u^^ Pi zn G (T^ Oi zTi c: in c^ in c^ u^j ::^ 'jz ;2i 'jz — -j: ^ ~z ^
o
1—1
tn X CTi o
D-12
CO
to
c
I
c ---
E (N
CD
C iH
O r-l
•H 0)
4-1 S
CC
Si bC
u C
C -H
o a
C E
O C
K
E a
•H 0)
o
1 §
1-1
to
c
c
0^
OC
vO
in
(N
;1-
o
rH
I—l«Ni^Hr-^i—(CNI CN<—ICSli—imCNICNi—(Lni—^LTli—'vCf—l'— 1—lC>-HOCr—(tr. I—(C^
.—(CNi—il^r-rrsl CNIrHCsli—ICNi-HOO in»—IITit—(VC'—!i—ti—(Or-lOOi—itOi—in
n r^ <• r^Oinsc>cN>x;r-^(y»fNjo~-r~, t—fLnr-^r^LOLncNCTNvCCoGmONrvim
I—IfSIr-IP^r-iO-lr-im.—lr-lr-lr-<CN<rr— ^Dr-iLO OC-—ICNrHr-(i—(OC'—1^1—(LT.
^r<j-^i-^mL'-^iri>y<rt-<aNvDr>JMrovDOCMi—lr^l^^JOa^cMa^cor^JrMOoo
rsi<-cNfsi.—ir^i—^r^CvjCinrr.—lLn^oa^^nr^!^^.—If—(Lninoinco-^CLOr^
1—(OCNCC~TCNror^cNOOr^<iv3-cN'^o^r^inLno>cN^cccoc^Lncr>cco<r
Lnm^0Lr^O^vC(^^C0^v£0^CN <rr-)<rLncN<rr-,—iCN)v3-r~^<r<roCi—'Or--
r^\£>O^Of^C^^—IO^mO^ mcsi
1—iCSJ iniHCNrHtNi—iCM^HrO
<rrH-a-vcrviOooONCNOooo<-r--nr^.—I
<ri—i<rrHmtH0C'—ioni—iv^i—!< r^ cn
^-iCNr^OfMvDOr^roCromi-Hr^r^r-^oovCi—ir^CNJrHu'iO-crONmr^cNOO
.—ICNl U~lr-ICNr-J. CNi—IrOi—imt-<«5-l—'-J-THmrHOCNC-^OCi—ivCtH^Tr—im
r-)<rC c^l^. m, n <r<roc Oio nosvOfsicor^crxncoccT'COvcnOcN o^
r-icM r^^cNitHrorHniH<riH>3- mi—iin o-—iOihooi-i\Oi—iin <•
r-vOm, rHi—:^OOOCNO^CNJvOOC'<^^onoOmr-Ln^--OCO^OO^mCCO^O^CO^
rHL^o^cN<roO'—<onrnrosti—iCTvOC<r<r<3-'—ioor--r-)rnr--r-)fncNoocNOO
I—icNi r^T-iCNJi—to-)THroi—int—!< <rr-iLnT—lOi—iOr-Hr^^vDi—|iOtHs3-
CNivDr^r^aNr^OOrocsiLriOiri<rr^cNr--OLnv£>CNr>~CNir--v£)>,OOn^oO
r-iCNi ^D_;cs4,—irsirHroi—imi—i<r sa-THLOrHOi—iCr-ir^.—ivDr—iL^i—im
vomc^occ^-^oocT^oo^^oo^^-^£)Xvca)coo^<rLnLn^OL^mr^^v^)CO
csi no^oonLn^r^o^<N rH<i- csir^ o^cN-<r^ocNJ^ov£) mnr^«N cor-tcsj^ oiHcs vD<HCNiiHCN roiHcoTH^r -3^-^mtHa^^-lc^'-t^>.fHm^-lmr^<
mvi^omI-J<r^-^^^loovDO^<rv£)^oa^co^oocc^oooc^<3•~aLrlr^^Ofnfom
rvi^r-rr^inooini—icNncvj^rrnr^cNr-irOLncNOoor^inOrsioninr-irn
rHCSlTHrs!THCN.HrO.Hr*>rHrOrH<rrH^>—IvDrHCrHOr-HOCr-lvCi-imiH-cr
C/:iQC/2QLOGt/:Ql7:QCOQC/DQC/20COQCOQC/:QtOCU20LOQC/^Q
CN m vD 00 ON
D-13
ccccocccccccccccccccccccocccoo
iHcsrH^r-HrnrHro^^c^i-nrnr-icncNirOi—iLrir-ivC.r— r^, r-rr~. 1— r^, .—lOC"—
,
r^
occcocococococcocccocccrcoccoco
CM rOr-HCN^CNr^r^' r^i—ir^r-^r^, 1— L*^, .— L'-irH — ,^r-:—•—j —^CCrlOC
C^
OOCOCOOOOOCOOOCCOCCCCCCCCOCCOO
r—
I
rsl.—l<Ni—li-^i—l«N! r-JrHr-li—l^-rHLn.—iVC.— r— ,-1 — — — r^— »^
00
oocoocccooooocooccccoccocococc
r^<^J^H^^Hrnr^^OI-nf^^^r^r-frocN^Ti—iLrii—ir^r-iCNr-:cN;r—. cNir—. r^.—i>«c
ooooooocooooooooococcccocccoco
iHCN I—(vOiHrOiH mrHrOiH cniH ritH LTir-iinr-ir^i—iCMr-im-HtN i--r~^i-iL'-i
ooooooooooocoococccccococcccoo
^ Lnr^Lnu-ir-»csir^<roooiAincor^cNvcasOr^r*io^»eC'-nCc:r^r-iLnrs!
C
o
in
oooooooooooocccooocooocoooococ
CNvCcMC<rcN<rfOLnLnrvi Lnv£>coror^ooo<rOoO!— r^oor^r^^-mr-r^
ooooooooooooocoooococ o c c c: c o
rsi>£:oN:N£><3-THr^rnrOfNrHCNvDirocNi^roCC^vOLr. r-^cNioCLri<rr^CNr^
lHCNlIHO^^^fn^HC^r^r^^^C^r^fnCNStp^L^lI^Lnr-CNl—ir-ii—!r-JrtVCT-itn
rH rH ,H
ro
rOLn^rHO-iCVJCOi—irOfM-<fCNJOO^'—l<-<OOCCCMvCC«NCCCOC<rO
M^s^^H0^1H^Or^^01^fnr^ro^-^fncNLnl-^^Ct-^r^l—irsir-iCNi.—i--^r-ir^.—iLO
rsj
OOOCNICNlrncOOC^THC^OOv£v3•00<3•00(^JC^<<rL'--, ODf^i—iCNlOCCO
1—It—ioo<r<rcNi—imcNsr-it—i url^^a^cNOOL'1v£)coo^m0^c•^<rmroo^a^Ln
r-;«crMDCNrHintH mr-l m 7-n LPlr-1 LPlCN 00.—I0^1-^I-Jl—ICC rHOOi—lini—IO^r-ir-v
m^rcNvot^OcNOcoo.—iO^ooOvorsiroLncNir^r^ONr^cMoomocst-i
iH<rcN<rT—iiHCNii—io^<rc\ii—ir^oOf^(^cornLnc^<r^rncNir^r-i'r>ro\C
r-iCNrH00THrOi—irOi—!0~)T—IrOCNO-irHLnr-JL^iCNr^T—I.—(—I—ni— C>—^VC —!<r
r-)<rrooocN)Oo-ii—i^-O"—iC^Nr^r^oOLr, oc-)vOCi^^Or-^cNOCN!T-HCNjT—1
TH^rnHr-ifNr-ir-ioc^cN^rcNiOLnoo^rLncot—^vr^o^vcvDo-l^n<rcNr-lCslLO
rHCMfHOOr-im.—irO rOiHfnCNmrHiri,HLnCMr-ir-ir-:rHi-lrHCri.—IvCi—i-vT
coOLOOLOCcrQixa^.oCityri^iC^xCiCCiXCo'i^^lLCCc/:^;:/::^:
O
rH
m ^ oo ON
D-14
O^—^00CT^mcMC^O•—icNinOrsii—lOtN'-cr-- crsio^'vCCom-c-ocC ^-*
ccocooccrcooocc~cC'-'CCo C.-lCO'-tCrHC
c^r^Jc^JL'-^cccNOOr^rHocc^ocm^^LO^M
u~, ^ <T CT^ 'B' L"^ vo <r iJ^ vc in <r «^ lt^ o^ r^
C 00 \C c^
LTi oc in r*-
r--.Lnr^tr, cNicccT'^-Ln
— Of^O^CvOO>r~~oc
CCCOOCCCCCCOCCOCOC CC^.-hCC--iOCCCC
0^
vO^co»crLO^-)LOln<r•o•l^>u^vDocr-~c^v£0^x C<rrOC^^O^r^lnvCtt
c o CCOCOOCCCCOCCCCCi-^CCOCr-^CCC
(0
(0
o
E
u
oX ^^
E --<
E --H
-^
I
cr. r-.
CO -^
>
oc
vC
L-^
r—irMO'-^<rO^OCr^lv^COO^Dm^--rslv£CN^^P^lC'C^(—jCNvCvCOOCNIvCCOC
v3-rn»j<r<rr^>C'Lrirn<ru^f^<rininr^i.nLri»3'r\!a^oc^r^oCLror^vCLri
codcddddddoddccddcdr^dcdcddr-Jc'cc
O rn <-ON<j-a\fomtnso-<3- 00 O O LTi in tM
<r \^ in oc in \£
lnLnr^vco^v3o^a^r^vC
C3^ccovcr---vccr»r^invc
OCCOOCC'OOCOCCCCCCOCr-iC — cccooccc
O >—I r^ rH oc
<r f^ ro <r ^r
^- o in cN in r^
<r in ro o m <
<v£>vClnv£>•<rOO^l.'-lt^^-3•Cl^OCO^OC
O C C CCOCCOCC c o o o o o OCCCCC^C'CO
\CfnoCr-~v£;occN<-v£^CcNicNiinr-)r-)r^v£;<rr^c;ioor^vCrHLn<rfNOD
Na-<rmvOf^<'<r^fO<r-^m<rinvC'00i-nv£:<TCvCCf^^r->.\ocr>'>c\c<r
ooodooodododdcccood^dr-^cddodooc
.-J o
> 3
4J OC
o c
C C
O E
cj re
•H a
o c
r-l CO
I
•
(U
iH
XI
COH
r^r-oovi:o>ocOi—'O^rmcccNrsi-j-r^coc inc<—!cNlnvo^cocco^'-^C
<•<rt^icom^^\c<^o^rn<^<JvcvccNlvc\^:»3^-^r-^o^mo^^^D^Dlnr^L'^
codcdccdddcoococdddr-sdccdddccco
r-~-^OLn\ci— o^oO'H^—im-cr^cr\r-~tno<7NLneNCNic^v3-mvcor-^^C—'
L^in-^c^rinf^Lrii-ovoinrvtnr^OcC'—ia^r^f^t^o^lnv3-ooo"C^oc^oc
000.-<OOCOOOOOCOr-iOtHCC'HCOOOOOOCOO
>30'—^r^«NCcm<J•ocvOv3•Lnt^f^^OT—^ln<^oc^JCO^oo^^vDcs^vooOt—'<r
r-in<rninv£ocr-^<rr^Lnf^vCvOt—loccr-^ooCcNC^»T^^oc^--oc'>D^^vc
OOOOCCOOOOCCOOi-HO'-iOC-n'HOCOOOOCOO
oocr^inin<rr^ooocinooo<rr-i<-vccMONm<rvTini-<a^'HoccNioci^<N
r^rovg-ON>^*d'C<?inL'-i^tnr-~r-^'—iCCOO>oofNr^Oinr^r^<roovDoo^>-
OCOOCOrHOOOOOCOi-iC^dotHCCCCOCOCOO
r~«.<a-ci-nvoocc<3-(NjoinO'-H>3-rsiocc3>LnLna>0'~^<rOoo^C^C
lnL'-l<O^ln^n^-lLO'>O\£>>3vD00^l^r^O^r^00a^Cy^I—linvCC^Or^vOOCvO
OCOOOO'-lOOOOCOOOOOOodo—'OOOOOCCO
a
Oi
c/:cooocccc/:3Cccciy2C50oDc/:iC!yDC!c/:c:o:ac/:C2tcCo:)Cc/:o
o ^ CN m in vO CC 0^ O ^ CN in
PM
D-15
<r L-L <r LO <r <r i-o u"! L'^i <r 1-'^ vC r^ l'~> cc vC r~. l-"! cc r^ oc cr o x cc -— C i— c^ i~~-
ccccccocc coccccccccccccc — — coc
r-.-C'—I r^, <-<rLr, r-J.vC f^<rr-HCNCN!OCir'CCC^ cr.<- vcOi— C: occ^ — <rcr- '—
o-)<r-<r<rrn<r<r-<rvC-0"Ln<r<rv3-'>c-.2--cr^r~-occcr<~3-cr^c^i~-r-^r^r^
ooooocooooccocooo cccccoccccco
ON
o c c ccccoooooccooococco^ c o o c
to
CO
o
e •
V ^
O 1^
E r-i
^^
I
en r^
0) -^
tH r-l
TO ^^
W
>-, iH
U rH
> ;5
u bO
O C
D -H
C C-
O B
U CC
CD
« a
o <u
•H CD
Sj id
U ID
0) C
r-l CO
w
o
iH
WH
C
o
00
VO
LO
oooooocooooccoooooooccoco c c o c
cNicofOvOLnrooocNi-(fOONmooi-MCoc<^cOTHvc ocr>vcoNL'-icoNOin<r
OOOOOOOCOOOOOOOOCCCCCCCCCr^CCCC
r-fLOLOCTirsir^oor^i—ii—!r^Or-~i—:<rr-.r-ioc<rcOLnr^OomL'-\vC\ccs'
v^<rva-r^<r^<r<r<r<rc^Lr;f^'<roLricc'^<rcrN'>cc>v3-i—!>>cccrvr:r~~L'^
OOCOOOOCOCOOOOOOOOOOCCCrHC—lOOCC
vr)COOC!vOTHLritHOO(X5<*>>OCNOOCO'—lo-]>.Cr^r-iOCCi-OL-!vCOu^, ^rc^-—I
mLnrooo<rm<r LnmvooO'>£)-<ri-n'vCoo(X;coooo <rc^ ric \£i—:oNr-^oc<-
OOOCOOOOOCOOOCCOOOOOCCOr^O o c c: c
oor^tHC7NCNfMfommoc-d-Lncocsj>>c-5-cN)i^mcNr-ON<rc>r^<-oOi—:Cv£;
<Nl/^ro^-^vcv^>L^l/^vCl^u~lMDL^v3•cc>X!LnL^ooo^Lnc^Lr^^^oC'—iLOi-oc^vc
occccoooooooocoooocc cocoo— c c o
f^r^i^or^ocCLricNicN-3-cotnoomor^LocyNr-<-<r<-c^>cs' LT-, »^ U'^
00 r^ r-. oc
OOOrHOOOOOOOOOOCOOCOOrHrHOiHC'HOCCO
cNi(NmrH<r<ra>ooooNr-^<foooOfncNr-)crsino<-oooocN) c^<rcslo-lnvc
vor--oi~^vor-^t^\£)u~ir-^Lnr~-.r^vcooooocyNOOrsj;—i^^Jm(no^CN]0^occooc
OOrHOOCOOOOOOOOO.-ICOOr4;-ir-^:O^Or— CCCC
-HvocNjmcNoorHi—io<rv£>cNJi—I.—I. ^-OCi-'nvO'—;ccLo^<j-cNjr^caNO>c
ovD^oomror^r^OLO<Tvor-'>C'X~^c<rocvcr^oDC<rcNio>r— ONr-c^r^
ooooooooccooo o c c o c c o Or^C'-nCCCC
Oi—lmcN<r'—^o^O^M^^m^slvDccocNC3^ooc^oc^l l^lo
r^LnvCOr-f~~-r~^v£!^vriLrir~r^sC!COOr~~r-tc\iONr-irounoo r^ o> o c o^
vcO crs i—i r^ ON CO
OOOrHOOCOOCCOOOO C^—^CfH^CCrHO o c c
wQcnQc/DOcoOLOCit/:Goocc/:Gc/:c;coC(y:c:c/:oc/:C:crc;c/:c;
4J
O CN <r^ 00 ON CN m <? l.'-^
E-1
APPENDIX E
Pearson's Product-Moment Correlation Coefficient for
Each Parameter (Shallow and Deep Wells, 12/75-11/77)
E-2
Table E.l—Pearson's product-moinent correlation coefficient
for each parameter (deep wells, 12/75-11/77).
NO„-N Ca Mg K Na ECx 10-^ CI
NO„-N 1.0000
0.0000*
0.0575
0.2766
-0.0455
0.3895
0.0410
0.4377
-0.1325
0.0119
-0.0673
0.2026
-0.1099
0.0372
Ca 0.0575
0.2766
1.0000
0.0000
0.5927
0.0001
0.2576
0.0001
0.2084
0.0001
0.2904
0.0001
0.1885
0.0003
Mg -0.0A55
0.3895
0.5927
0.0001
1.0000
0.0000
0.5224
0.0001
0.3243
0.0001
0.1740
0.0009
0.2943
0.0001
K 0.0410
0.4377
0.2576
0.0001
0.5224
0.0001
1.0000
0.0000
0.2132
0.0001
0.1447
0.0060
0.3307
0.0001
Na -0.1325
0.0119
0.2084
0.0001
0.3243
0.0001
0.2132
0.0001
1.0000
0.0000
0.7958
0.0001
0.8614
0.0001
ECx 10^ -0.0673
0.2026
0.2904
0.0001
0.1740
0.0009
0.1447
0.0060
0.7958
0.0001
1.0000
0.0000
0.7891
0.0001
CI -0.1099
0.0372
0.1885
0.0003
0.2943
0.0001
0.3307
0.0001
0.8614
0.0001
0.7891
0.0001
1.0000
0.0000
* Probability level.
E-3
Table E.2—Pearson's product-moment correlation coefficient
for each parameter (shallow wells, 12/15-11/11) .
NO--N Ca Mg K Na ECx 10^ CI
NO^-N 1.0000
0.0000*
0.3084
0.0001
0.1945
0.0002
-0.1647
0.0017
0.0478
0.3668
0.6650
0.0001
0.4605
0.0001
Ca 0.3084
0.0001
1.0000
0.0000
0.5894
0.0001
0.1446
0.0061
0.1539
0.0035
0.4952
0.0001
-0.0652
0.2179
Mg 0.1945
0.0002
0.5894
0.0001
1.0000
0.0000
0.3311
0.0001
0.2562
0.0001
0.2549
0.0001
-0.1639
0.0018
K -0.1647
0.0017
0.1446
0.0061
0.3311
0.0001
1.0000
0.0000
0.0057
0.9151
-0.0746
0.1586
-0.1298
0.0139
Na 0.0478
0.3668
0.1539
0.0035
0.2562
0.0001
0.0057
0.9151
1.0000
0.0000
0.2183
0.0001
0.0861
0.1036
ECx 10^ 0.6650
0.0001
0.4952
0.0001
0.2549
0.0001
-0.0746
0.1586
0.2183
0.0001
1.0000
0.0000
0.3604
0.0001
CI 0.4605
0.0001
-0.0652
0.2179
-0.1639
0.0018
-0.1298
0.0139
0.0861
0.1036
0.3604
0.0001
1.0000
0.0000
* Probability level,
F-1
APPENDIX F
Aanaal Mean Values for Selected Soil Core Parameters
In 1975 increments of 10 cm were used to the 100 cm
depth, then 20 cm increments were taken to a depth of 3 m.
Data points were reduced by combining adjacent depth
increments so that 1975 values are tabulated and plotted for
depths 10, 30, 50 cm, etc., rather than at depths 5, 15, 25,
35, 45, 55 cm, etc.
In 1976 and 1977
Materials and Methods,
taken as the depth
.
sampling was done as described in
The midpoint of each increment was
F-2
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mGround wit?r quility beneath soil profiles rac^ivinj 0,
2.54, S.Oti, 7.62 .and iu.lb cm beef feedlot. lagoon water was
monitored. T^ie ground water coinposition was extremel/
variable. Nitrate-N concentrations in shallow wells near
the lagoon were considered contaminated, some having
concentrations as high as 4b ppia NO^'N.
Calcium, magnesium, chloride and electrical
conductivity values increase slightly as the distance fro
each shallow well to the lagoon and feedlot decreases.
Potassium and sodium did not show a similar trend.
It was determined that effluent loading rates did not
produce significant concentration differences in the ground
water. Soil stratification producing lateral movement ma/
have masked these treatment effects.
Soil profiles receiving 0, 2.54, 5.0b, 7.62 and 10.16
cm of beef feedlot effluent were analyzed to determine the
movement or accumulation of some chemical constituents
present in the lagoon water. Beef feedlot effluent
composition varied considerably during this study. Saline
and alkali tests conducted on the top 15 cm of soil
indicated salt effects could be considered negligible and
ESP values were well below the fifteen percent threshold
va lue .
Precipitation totaled 59.49 and 103.5 cm in 1976 and
1977, respectively. The movement of nitrate-N and chloride
in the soil profile reflect these precipitation amounts.
The lagoon water application rates proposed in this
study did little to deteriorate the soil paysio-chemica
1
properties. Precipitation amounts were sufficient to remove
or disperse accuinulations of nitrate-N, ammonium-M and
chloride. Potassium, phosphorus and sodium accumulations
were not affected by precipitation and occurred above the 5U
cm depth. Their respective concentrations increased
proportionally with the amount of lagoon water applied.


